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Over the last five years, Flash memory products 
have revolutionized 
how designers 
think about 
storing control code in computers, 
peripherals, 
communication 
devices, 
and a wealth of other 
applications. 
In fact, Flash memory is seen as an enabling technology 
in many new microproces- 


sor-based 
designs. 
The features of Flash memory, 
including 
non-volatility, 
in-system 
re- 


programmability, 
and high density, 
have made it the fastest growing 
IC memory type in the 1990s. 


AMD's 
Flash memory 
products 
are ideally suited for use in a wide array of microprocessor-based 
products. 


The first generation 
of Flash memory devices 
required 
12.0 Volts to program 
and erase and 5.0 
Volts to read. Today, however, 
system designers 
are asking for single-voltage 
Flash memory 


products. 
Other Flash memory features 
being requested 
by system designers 
include: 
fast read 
access time, the ability to erase portions of the memory array, simplified 
program 
and erase algo- 


rithms, high endurance 
and reliability. 
The Am29Fxxx 
Flash family is addressing 
these requests 
from system designers 
today. 


AMD is the leader in providing 
cost effective 
5.0 Volt-only 
Flash memory devices with its 
Am29Fxxx 
Flash family. These devices meet the JEDEC (Joint Electron 
Devices Engineering 
Council) 
pin-out and software 
standards 
for single voltage supply Flash. AMD achieves 
5.0 Volt- 
only operation 
in its Am29Fxxx 
family Flash devices using patented 
Negative 
Gate Erase technol- 


ogy. AMD has seen overwhelming 
acceptance 
of the Am29Fxxx 
Flash architecture 
from design- 
ers representing 
many applications. 


AMD offers Flash memory cards that meet the PCMCIA and JEIDA standards. 
This data book 
contains 
condensed 
data sheets of AM D's Flash memory card offerings. 


AMD is the world leader in non-volatile 
memory devices. The market's 
acceptance 
of our Flash 
components 
and memory cards has strengthened 
our position as a major Flash memory supplier. 


Walid Maghribi 
Vice President 
and General 
Manager 
Non-Volatile 
Memroy 
Division 
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12.0 Volt 
Bulk Erase 


Am28F512 
Am28F010 


Am28F512A 
Am28F010A 


Am28F020 
Am28F020A 


5.0 Volt-only 
Sector Erase 


Am29F010 
Am29F100' 
Am29F040 
Am29F400' 


Part 
Access 
Temp 
Package 
Supply 
Programming 
Number 
Organization 
Time (ns) 
Range' 
Type2 
Pin Count 
Voltage 
Voltage 


+28F256-75 
32Kx 
8 
70 
C,I 
D, L,P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F256-90 
32Kx 
8 
90 
C,I 
D, L, P, J, E, F 
32 
5 V± 
10% 
12V 
Am28F256-95 
32K x 8 
90 
C,I 
D, L,P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F256-120 
32Kx 
8 
120 
C,I, 
E, M 
D, L,P,J,E, 
F 
32 
5V±10% 
12V 
Am28F256-150 
32Kx 
8 
150 
C,I, 
E, M 
D, L,P,J, 
E, F 
32 
5V±10% 
12V 
Am28F256-200 
32Kx 
8 
200 
C,I, 
E, M 
D, L,P,J,E, 
F 
32 
5V±10% 
12V 


Am28F512-75 
64Kx 
8 
70 
C, 
D, L,P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F512-90 
64Kx 
8 
90 
C, 
D, L,P,J, 
E, F 
32 
5V±10% 
12V 
Arn28F512-95 
64Kx 
8 
90 
C, 
D, L,P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F512-120 
64Kx 
8 
120 
C, 
E,M 
D, L,P,J,E, 
F 
32 
5 V± 
10% 
12V 
Am28F512-150 
64Kx 
8 
150 
C, 
E,M 
D, L,P,J,E, 
F 
32 
5V±10% 
12V 
Am28F512-200 
64Kx 
8 
200 
C, 
E,M 
D, L,P,J,E, 
F 
32 
5V±10% 
12V 


A~28F010-90 
128K x8 
90 
C, 
D, L, P, J, E, F 
32 
5V 
10% 
12V 
Am28F010-95 
128K x8 
90 
C, 
D, L, P, J, E, F 
32 
5V 
5% 
12V 
Am28F010-120 
128K x 8 
120 
C, 
E,M 
D, L, P,J,E, 
F 
32 
5V 
10% 
12V 
Am28F010-150 
128K x8 
150 
C, 
E,M 
D, L,P,J,E, 
F 
32 
5V 
10% 
12V 
Am28F010-200 
128K x8 
200 
C, 
E,M 
D, L, P,J,E, 
F 
32 
5V 
10% 
12V 


Am28F020-90 
256K x8 
90 
C 
P,J, 
E, F 
32 
5V 
10% 
12V 
Am28F020-95 
256K x 8 
90 
C 
P,J, 
E, F 
32 
5V 
5% 
12V 
Am28F020-120 
256K x 8 
120 
C,I, 
E, M 
P,J, 
E, F 
32 
5V 
10% 
12V 
Am28F020-150 
256K x8 
150 
C,I, 
E,M 
P,J, 
E, F 
32 
5V 
10% 
12V 
Am28F020-200 
256K x 8 
200 
C, I, E, M 
P,J, 
E, F 
32 
5V 
10% 
12V 


Part 
Access 
Temp 
Package 
Supply 
Programming 
Number 
Organization 
Time 
(ns) 
Range' 
Type2 
Pin Count 
Voltage 
Voltage 


Am28F256A-75 
32Kx8 
70 
C, I 
D, L,P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F256A-90 
32Kx8 
90 
C,I 
D,L,P,J,E,F 
32 
5 V± 10% 
12V 
Am28F256A-95 
32K x8 
90 
C,I 
D, L, P, J, E, F 
32 
5V± 
5% 
12V 
Am28F256A-120 
32K x 8 
120 
C, I, E, M 
D, L, P,J, E, F 
32 
5 V± 10% 
12V 
Am28F256A-150 
32K x 8 
150 
C, I, E, M 
D, L,P,J, 
E, F 
32 
5 V± 10% 
12V 
Am28F256A-200 
32Kx 8 
200 
C, I, E, M 
D, L,P,J,E, 
F 
32 
5 V± 10% 
12V 


Am28F512A-75 
64Kx8 
70 
C, I 
D, L,P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F512A-90 
64Kx8 
90 
C, I 
D, L,P,J,E, 
F 
32 
5 V± 10% 
12V 
Am28F512A-95 
64Kx8 
90 
C,I 
D,L, P,J,E, 
F 
32 
5V± 
5% 
12V 
Am28F512A-120 
64K x 8 
120 
C,I, E, M 
D, L, P, J, E, F 
32 
5 V± 10% 
12V 
Am28F512A-150 
64K x 8 
150 
C, I, E, M 
D, L, P, J, E, F 
32 
5 V± 10% 
12V 
Am28F512A-200 
64Kx 8 
200 
C, 1,E,M 
D, L, P, J, E, F 
32 
5 V± 10% 
12V 


Am28F010A-90 
128K x 8 
90 
C,I 
D, L, P, J, E, F 
32 
5 V± 10% 
12V 
Am28F010A-95 
128K x 8 
90 
C,I 
D, L, P,J, E, F 
32 
5 V± 
5% 
12V 
Am28F010A-120 
128K x 8 
120 
C, I, E, M 
D, L,P,J,E, 
F 
32 
5 V± 10% 
12V 
Am28F010A-150 
128K x 8 
150 
C, I, E, M 
D, L,P,J, 
E, F 
32 
5 V± 10% 
12V 
Am28F010A-200 
128K x 8 
150 
C, I, E, M 
D, L,P,J, 
E, F 
32 
5 V± 10% 
12V 


Am28F020A-90 
256K x 8 
90 
C 
D, P, J, E, F 
32 
5 V± 10% 
12V 
Am28F020A-95 
256K x 8 
90 
C 
D, P,J, E,F 
32 
5 V± 
5% 
12V 
Am28F020A-120 
256K x 8 
120 
C, I, E, M 
D, P,J, E, F 
32 
5 V± 10% 
12V 
Am28F020A-150 
256K x8 
150 
C, I, E, M 
D, P,J, E, F 
32 
5 V± 10% 
12V 
Am28F020A-200 
256K x 8 
200 
C, I, E, M 
D, P,J,E, 
F 
32 
5 V± 10% 
12V 


Part 
Access 
Temp 
Package 
Supply 
Programming 
Number 
Organization 
Time (ns) 
Range' 
Type2 
Pin Count 
Voltage 
Voltage 


Am29F01o-45 
128K x8 
45 
C,I 
D, L,P,J,E, 
F 
32 
5 V± 
5% 
5V 
Am29F01O-55 
128K x8 
55 
C,I 
D, L,P,J,E, 
F 
32 
5 V± 10% 
5V 
Am29F01o-70 
128K x8 
70 
C,I, E, M 
D, L,P,J,E, 
F 
32 
5 V± 10% 
5V 
Am29F01o-90 
128K x8 
90 
C,I, E, M 
D, L,P,J,E, 
F 
32 
5 V± 10% 
5V 
Am29F01O-120 
128K x8 
120 
C,I, E, M 
D, L, P, J, E, F 
32 
5 V± 10% 
5V 


Am29F10o-75· 
128K x 8, 64K x 16 
70 
C 
E, F,S 
44/48 
5 V± 
5% 
5V 
Am29F10o-90· 
128K x 8, 64K x 16 
90 
C,I, E 
E, F,S 
44/48 
5 V± 10% 
5V 
Am29F10o-120· 
128K x 8, 64K x 16 
120 
C,I,E 
E, F,S 
44/48 
5 V± 10% 
5V 
Am29F10o-150· 
128K x 8, 64K x 16 
150 
C,I, E 
E,F,S 
44/48 
5 V± 
5% 
5V 


Am29F20o-75· 
256K x 8, 128K x 16 
70 
C 
E,F,S 
44/48 
5 V± 
5% 
5V 
Am29F20o-90· 
256K x 8. 128K x 16 
90 
C,I, E 
E,F,S 
44/48 
5V±10% 
5V 
Am29F20o-120· 256K x 8. 128K x 16 
120 
C,I, E 
E,F,S 
44/48 
5V±10% 
5V 
Am29F200-150· 256K x 8. 128K x 16 
150 
C,I, E 
E,F,S 
44/48 
5 V± 
5% 
5V 


Arn29F040-75 
512K x8 
70 
C 
D, L, P,J,E, 
F 
32 
5 V± 
5% 
5V 
Arn29F040-90 
512K x8 
90 
C,I, E, M 
D, L, P,J,E, 
F 
32 
5V±10% 
5V 
Arn29F040-120 
512K x8 
120 
C,I, E, M 
D, L, P,J,E, 
F 
32 
5V±10% 
5V 
Am29F040-150 
512K x8 
150 
C,I, E, M 
D, L,P,J,E, 
F 
32 
5V±10% 
5V 


Arn29F400-75· 
512K x 8, 256K x 16 
70 
C 
E, F,S 
44/48 
5 V± 
5% 
5V 
Arn29F400-90· 
512K x 8, 256K x 16 
90 
C,I, E 
E, F,S 
44/48 
5 V± 10% 
5V 
Arp29F40o-120· 512K x 8, 256K x 16 
120 
C,I, E 
E,F,S 
44/48 
5 V± 10% 
5V 
A 
29F40o-150· 512K x 8, 256K x 16 
150 
C,I, E 
E, F,S 
44/48 
5 V± 10% 
5V 


AfT129F016-90· 
2M x8 
90 
C 
E,F 
48 
5 V± 10% 
5V 
Am29F016-120· 
2M x8 
120 
C,I, E 
E,F 
48 
5 V± 10% 
5V 
Am29F016-150· 
2M x8 
150 
C 
E,F 
48 
5 V± 10% 
5V 


Notes: 
1. Temperature Range 
C = Commercial (O°Cto 70°C) 
I = Industrial (-40°C to +85°C) 
E = Extended Commercial (-55°C to +125°C) 
M = Military (-55°C to +125°C) most products available in both APL and DESC versions. 


2. Package Type 
DIP (Dual 
In-Line 
Packages) 


D = Ceramic DIP 
P = Plastic DIP 
SMT (Surface 
Mount 
Technology) 


L = Rectangular Ceramic Leadless Chip Carrier 
J = Rectangular Plastic Leaded Chip Carrier 
E = Thin Small Outline Package - standard pin-out 
F = Thin Small Outline Package - reverse pin-out 
S = Small Outline Package 


PCMCIA 
Flash Memory 
Cards 


AmC001BFLKA 
AmC002BFLKA 
AmC004BFLKA 
AmC010CFLKA 


AmC001CFLKA 
AmC002CFLKA 


Minimum 
Automated 


Part 
Density 
Access 
Temp 
Package 
Type 
Write 
Write/Erase 
Read 
Write 
Number 
(Mbytes) 
Time 
(ns) 
Range' 
(PCMCIA) 
Cycles 
Operations 
Voltage 
Voltage 


AmC001AFLKA 
1 
250 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
12V±5% 
AmC002AFLKA 
2 
250 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
12V±5% 
AmC004AFLKA 
4 
250 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
12 V±5% 


Minimum 
Automated 


Part 
Density 
Access 
Temp 
Package 
Type 
Write 
Write/Erase 
Read 
Write 
Number 
(Mbytes) 
Time 
(n5) 
Range' 
(PCMCIA) 
Cycles 
Operations 
Voltage 
Voltage 


AmCOOlBFLKA 
1 
200 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
5 V±5% 
AmC002BFLKA 
2 
200 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
5 V±5% 
AmC001CFLKA 
1 
150 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
5 V±5% 
AmC002CFLKA 
2 
150 ns 
C 
68-Pin, Type 1 
100,000 
Yes 
5 V±5% 
5 V±5% 
AmC004CFLKA 
4 
150 ns 
C 
68-Pin, Type 1 
100,000 
Yes 
5 V±5% 
5 V±5% 
AmC010CFLKA 
10 
150 ns 
C 
58-Pin, Type 1 
100,000 
Yes 
5 V±5% 
5 V±5% 
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INTRODUCTION 


AMD's 
ExpressFlash 
service 
is a helpful 
new way to 


offer the system manufacturer 
flexibility 
and lower cost 


in [the manufacturing 
process. 
No matter 
how 
Flash 


memory 
is used in your system, 
AMD's 
ExpressFlash 


service will benefit your manufacturing 
process. 
Flash 


devices 
procured 
via the 
ExpressFlash 
program 
are 


rigorously 
tested with your code under both AC and DC 


operating 
conditions 
at worse case temperature 
prior to 


shipment. 
Because 
Flash products ordered through the 


Express Flash 
service 
are 
shipped 
board-ready 
with 


faqtory 
guaranteed 
quality, 
your 
ship-to-stock 
or 


Just-In-Time 
programs 
can be easily implemented. 


AMD's 
ExpressFlash 
service 
offers the same pre-pro- 


gramming 
convenience 
as 
AMD's 
ExpressROM™ 


M~mories 
with 
the 
added 
advantage 
of 
in-system 


re~rogrammability. 
Whetheryourentire 
code is finalized 


by 
the 
time 
you 
place 
your 
order 
or 
not, 
AMD's 


ExpressFlash 
service 
will work 
for you. After 
AMD's 


Flash 
devices 
are 
delivered 
and 
installed 
in your 


system-you 
have the added flexibility to reprogram 
the 


devices 
in-system 
at any time. 


I 


AMD's 
ExpressFlash 
service 
is ideally 
suited 
for 
a 


variety 
of 
applications. 
For 
example, 
with 
AMD's 


ExpressFlash 
service, 
a PC manufacturer's 
boot code 


can 
be programmed 
in a portion 
of the 
AMD 
Flash 


deyice while the rest of the device remains blank. Upon 
delivery 
the Flash devices 
can be directly 
installed 
in 


your 
systems. 
After 
the 
remainder 
of 
the 
code 
is 


finalized, 
it can then be loaded in-system. 
At this point, 
ev~n the original 
boot code can be altered 
should a 


"bug" be discovered 
or a change 
be required. 
This 


process 
reduces 
manufacturing 
cycle time, overhead, 
anl:J 
improves 
both 
time-to-market 
and 
system 


availability. 


For systems 
requiring 
fully protected 
blocks 
of code, 


AMD's Am29Ffamily 
is ideal. With AMD's ExpressFlash 


service, 
your 
code 
can 
be 
protected 
from 
further 


alteration 
right 
at AMD's 
factory. 
In the system, 
the 


protected 
portion of code looks just like a ROM. Please 


refer to AMD's Am29F family of data sheets for further 
details. 


Since 
Flash 
devices 
are 
fully 
tested 
in the 
plastic 


packages, 
all speed grades offered for standard 
Flash 


devices 
are 
available 
through 
the 
ExpressFlash 


program 
as well. 


ExpressFlash Service Lowers Cost 


The ExpressFlash 
service eliminates 
or reduces costs 


in several areas. These include programming, 
testing, 


marking and labeling. 
Standard 
programming 
of blank 


devices 
may reveal 
other 
hidden 
expenses 
such 
as 


costs 
associated 
with 
possible 
programming 
yield 


losses, capacity 
constraints, 
labels and other supplies, 


rework, inventory and associated 
queue time, handling, 


maintenance, 
labor 
and 
personnel, 
transit 
costs, 


inspections, 
floor 
space 
and other 
overhead. 
AMD's 


ExpressFlash 
service 
adds 
value 
by 
eliminating 
or 


reducing all these costs. 


Our mission at AMD is to provide services and products 
which enable you to build the cost-competitive 
systems 


you need to win in your markets. 
The 
ExpressFlash 


service is yet another value-added 
program 
offered by 


AMD to help you accomplish 
your goals. As the world's 


#1 supplier 
of EPROMs 
and Flash, AMD appreciates 


the value of cost-efficient 
manufacturing. 
Compressing 


time-to-market 
cycles, 
improving 
yields 
and providing 


the highest levels of quality are invaluable 
strategies 
for 


today's 
system manufacturer. 
At AMD we are proud to 


offer another 
tool to give our customers 
this strategic 


advantage. 


ExpressFlash Flow 


AM D's ExpressFlash 
service takes Flash devices from 


inventory 
in our off-shore 
testing facility 
and continues 


the processing 
as shown 
in Figure 
1. This process 
is 


offered for all package types and speed grades. Please 
refer to AM D's Flash data sheets for valid combinations. 
For die orders, 
please 
contact 
your local AMD sales 


representative. 


-J~-- 
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Mark according 
to 


customer 
requirement 
(if desired) 


Excelsior 
sample 
test 


Electrical 
test @ 
hot, room, cold 


Shipping 
labels 
per 
customer 
requirement 
(if desired) 


Ordering Flash Devices Using the 
ExpressFlash Service 


The 
following 
procedure 
outlines 
the 
method 
for 


ordering a Flash device using the ExpressFlash 
service. 
For more information, 
please 
contact 
your local AMD 


sales representative. 


1) Fill out the ExpressFlash 
Code Approval 
Form 


An example of the ExpressFlash 
Code Approval Form is 
shown 
in Figure 
2. 
Please 
have 
your 
field 
sales 


representative 
provide 
you with the latest version 
of 


the ExpressFlash 
Code Approval 
Form. This form will 


provide 
all 
the 
necessary 
information 
required 
for 


processing 
your order. After receiving this form, fill out 
the 
Code 
Transmittal 
and 
Ordering 
Information 


sections. Do not fill out the Approval Section Terms and 
Conditions. 
For sector erase flash devices that require 
sector protection, 
a sector map will be provided with the 
~x~ressFlash 
Code Approval 
Form. On the sector map, 
indicate which sectors need to be protected. 
A detailed 


description 
of how to fill out the 
sector 
map will be 
provided with the form. 


2) Send In the Code 
Send in the form with two (2) master copies of each code 
being 
ordered 
to your field 
sales 
representative. 
To 


minimize 
the verification 
turnaround 
process, 
supply 


AMD~ 


two master copies of each code using standard 
Flash 


devices 
identical 
in architecture 
and 
density 
as the 


Flash device 
being 
ordered. 
Two 
master 
copies 
per 
code are required 
in order to guarantee 
proper 
code 
transmission. 
Please be sure the checksum 
is clearly 
identified on each master Flash device. 


3) AMD Checks 
the Code and Generates 
a 


Verification 
Flash 
Device 
We check 
that both Flash devices 
contain 
the same 
code to make certain there was not a mix-up in shipping 
your codes to the factory 
as well as ensuring 
that the 


integrity 
of 
your 
code 
has 
been 
preserved. 
After 
confirming 
this, 
a unique 
5-digit 
code 
designation 
is 
assigned. 
The AMD part number 
is formed 
by adding 


the 5-digit 
code 
designation 
as a suffix 
to the 
Flash 


device number. See below: 


Am29F010-45JC 


Device 
I 
Number 


XXXXX 


Lcode 
Designation 


171256-2 


AMD 
then 
logs 
in your 
code 
with 
the 
5-digit 
code 


designation 
and generates 
a verification 
Flash device. 


The verification 
Flash device 
along 
with one of your 


master 
Flash 
devices 
and 
the 
ExpressFlash 
Code 


Approval 
Form should 
be back in your hand for final 
approval 
within 
2-3 
days. 
The 
other 
master 
Flash 


device remains at AMD for our records. Please note: the 
verification 
Flash 
device 
is 
simply 
a 
means 
of 


transferring 
the code and is not necessarily 
indicative of 
the Flash device being ordered. 


4) Confirm 
the Copy and Place the Order 


Once the verification 
Flash device is approved, 
sign the 


Approval 
Section 
of the ExpressFlash 
Code Approval 


Form and return 
it to AMD with your purchase 
order. 


Upon receipt of the signed form and a purchase 
order, 


AMD enters the order and begins 
production. 
Logged 
codes are maintained 
for 60 days and then deleted 
if 


there is no purchase 
order placed. 


5) Customer 
Special 
Shipping 
Labels 
(optional) 


AMD 
can provide 
labels 
on the 
shipping 
boxes 
that 
indicate that the boxes contain 
ExpressFlash 
devices. 


To designate 
that 
you want 
special 
shipping 
labels, 


please 
provide 
specific 
instructions 
with 
your 
Ex- 
press Flash purchase 
order. 


~ 
AMD 


TERMS AND CONDITIONS 
Yoy should 
be aware 
of the following 
when ordering 


Flash devices 
using the ExpressFlash 
service. 


1. AMD will maintain customer 
code confidentiality. 


2. 
AMD will absorb all initial set-up costs. 


3. 
All orders 
are subject 
to minimum 
quantities. 
The 


minimum 
quantity 
for initial orders is 5,000 pieces. 


4. 
AMD may begin production 
14 days in advance 
of 


the AMD scheduled 
ship date covered by a purchase 


order 
and 
requires 
14 days 
minimum 
notification 


from 
the 
AMD 
scheduled 
ship 
date 
for 
code 


fhanges. 
The customer 
is liable for all work-in-proc- 


ess covered 
by the same purchase 
order. 


5. 
No schedule 
changes 
may be made within 14 days 


of AMD scheduled 
ship date. 


6. All unpackaged 
die product 
procured 
by the cus- 


tomer 
is for use exclusively 
in the customer's 
end 


products. 
Any other use of die product 
must be ap- 


proved in writing by AMD. 


7. 
Code changes with Work-in-Process 
will require ad- 


ditional charges and may affect delivery 
schedules. 


8. 
All other terms and conditions 
which normally 
apply 


to AMD's 
Flash devices 
(if any) also apply 
using 


AMD's ExpressFlash 
service. 


ExpressFlash™ Code Approval Form 


Please complete items 1 thru 9. To minimize the verfication turn-around process, supply 2 master copies of each 
code using Flash Devices of the same architecture and density as the Flash Device being ordered. Also, be sure 
the checksum is clearly identified on each master Flash Device. 


CODE TRANSMIITAL 
SECTION 


1. 
Company Name: 
_ 


3. 
Incoming Master's Part #: 
_ 


ORDERING INFORMATION SECTION 


2. 
Date: 
_ 


4. 
Master's Checksum: 
_ 


Please check the appropriate Flash Device data sheet for valid combinations and mark appropriate boxes below; 
Vcc is +/-10% unless otherwise noted with an • for +/-5%. 


5. 
Part#: 
Am 
_ 


6. 
PackageandTemperature: 
0oooo 


the blanksections(10 charactersper lineincludingspaces, 


AMD Logo 


APPROVAL SECTION TERMS AND CONDITIONS 
(This section to be completed 
after samples are returned for customer verification) 


AMD will maintain 
customer 
code conlidentially. 
AMD will absorb all initial set-up costs. 


AMO may begin production 
14 days in advanced 
of Ihe AMD scheduled 
ship dale covered 
by a purchase 
order and requires 
14 days minimum 
notification 
from the AMD scheduled 
ship dale for code changes. 


The customer 
is liable for all work-in-process 
covered by the same purchase 
order. 


No schedule 
changes 
may be made within 
14 days of AMD scheduled 
ship dale. 


All unpackaged 
die product 
procured 
by the customer 
is for use exclusively 
in the customer's 
end products. 


Any other use of die product 
must be approved 
in writing by AMD. 


All orders are sLbject 10 minimum 
quantities. 


Code changes 
with Work In Process 
will require additional 
charges 
and may alleet delivery 
schedules. 


AMD Standard Part #: Am 
_ 
Customer Signature: 
_ 
Name (Print): 


Checksum: 
_ 


Date: 
_ 


Title: 


Figure 
2 


Introduction 
to AMD's 
ExpressFlash 
Service 


- 
Flash Memories in Die Form 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
Testing 
of AC and DC parameters 


• 
Operating 
temperature 
ranges: 


- 
Commercial 
O°C to 70°C 


- 
Industrial 
-40°C 
to +85°C 


- 
Military 
-55°C 
to +125°C 


• 
Advanced 
CMOS Flash 
memory 
technology 


• 
High typical 
yield -98% 
after assembly 


• 
Full data sheet 
compatibility 


• 
Die visual 
inspection 
per MIL·STD-883, 


Method 
2010 Condition 
B 


GENERAL DESCRIPTION 


AMD offers it's family of flash products 
in die form for 


hyqrid or multichip 
module applications 
requiring supe- 


rio~ performance 
and in-system 
reprogrammability 
in 


addition to small die size. Each die is AC and DC tested 
at wafer sort to guarantee 
full device functionality 
over 


commercial 
through 
military 
temperature 
ranges. 
AMD's 
Flash technology 
reliably 
stores 
memory 
con- 


tents 
even 
after 
100,000 
erase 
and program 
cycles. 


Features 
such as "5.0 Volt-only" 
program 
and erase, 
Sector 
erase 
architecture 
and 
Embedded 
ProgramT'" 
and Embedded 
EraseT'" 
algorithms 
are also available. 


Specific product 
information 
is available 
in the product 


data sheets. 


Please 
refer 
to 
the 
notes 
below 
for 
die 
handling 
considerations. 


Die Ordering 
Access 
Endurance 
Program/ 
Embedded 
Data 
Sheet 
Part 
Number 
Organization 
Time 
Cycles 
Erase 
Voltage 
Algorithms 
Reference 


Am28F256A-XCI3 
256K 
(32K x 8) 
200 ns 
100,000 
12 V±5% 
Yes 
Am28F256A 


Arn28F512A-XC/2 
512K 
(64K x 8) 
200 ns 
100,000 
12 V±5% 
Yes 
Am28F512A 


Am28F010A-XC/6 
1M (128Kx 
8) 
200 ns 
100,000 
12 V±5% 
Yes 
Am28F010A 


Am29F010-XC/4 
1M(128Kx8) 
90 ns 
100,000 
5 V± 
10% 
Yes 
Am29F010 


Am28F020A-XCI3 
2M (256K 
x 8) 
200 ns 
100,000 
12 V±5% 
Yes 
Am28F020A 


Am29F200-XC/1·· 
2M (131K 
x 16) 
120 ns 
100,000 
5 V± 
10% 
Yes 
Am29F200 


Am29F040-XC/1 
4M (512K x 8) 
120 ns 
100,000 
5 V± 
10% 
Yes 
Am29F040 


Am29F400-XC/1·· 
4M (512K 
x 16) 
120 ns 
100,000 
5 V± 
10% 
Yes 
Am29F400 


Notes: 


1. 
NVD only guarantees 
die, which is processed 
by the customers, 
at temperatures 
less than 2500 
C. If the die is hermetically 
sealed, 
NVD 
will not be liable 
for die failure. 


2. 
Exposure 
of Flash die to ultraviolet 
light may effect device 
functionality. 


··Contact 
sales 
office 
for availability. 


This document 
contains 
inlormalion 
on a product 
under 
de ..••elopment 
at Advanced 
Micro Devices, 
Inc. The inlormation 
is inlended 
10 help you to evaluate 
this product. 
AMD reserves 
the right to change 
or discontinue 
work 
on this proposed 
product 
without 
nOlice. 
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TEMPERATURE 
RANGE 
C = Commercial 
I 
= Industrial 
E = Extended 
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Am28F256A-XC/3 


256K (32K x 8) Flash Memory 


1OOKendurance 
cycles 


Embedded 
Algorithms 


Die Size: 0.160 x 0.156 inches 
Technology: 
0.85 J.lm 


Reference: 
Am28F256A 
data sheet 


Am28F512A-XC/2 
512K (64K x 8) Flash Memory 


1OOKendurance 
cycles 


Embedded 
Algorithms 


Die Size: 0.160 x 0.156 inches 


Technology: 
0.85 J.lm 


Reference: 
Am28F512A 
data sheet 
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Am29F010·XC/4 
1 Megabit 
(128K x 8) Flash Memory 


5 Volt-only 
program 
& erase 


1OOKendurance 
cycles 


Embedded 
Algorithms 
Die Size: 0.174 x 0.189 inches 


Technology: 
0.85 11m(non-SAS) 


Reference: 
Am29F010 
data sheet 
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Am28F010A·XC/5 


1 Megabit 
(128K x 8) Flash Memory 
100K endurance 
cycles 
Embedded 
Algorithms 
Die Size: 0.187 x 0.252 inches 


Technology: 
1 11m 


Reference: 
Am28F01 OA data sheet 


Am28F010A·XC/6 
1 Megabit (128K x 8) Flash Memory 


1OOKendurance 
cycles 


Embedded 
Algorithms 
Die Size: 0.160 x 0.217 inches 


Technology: 
0.85 11m 
Reference: 
Am28F010A 
data sheet 
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Am28F020A·XC/2 


1 Megabit 
(256K x 8) Flash Memory 


1OOKendurance 
cycles 
Embedded 
Algorithms 
Die Size: 0.213 x 0.374 inches 
Technology: 
1 11m 
Reference: 
Am28F020A 
data sheet 


Am28F020A·XC/3 
2 Megabit (256K x 8) Flash Memory 


1OOKendurance 
cycles 
Embedded 
Algorithms 
Die Size: 0.190 x 0.318 inches 


Technology: 
0.85 11m 
Reference: 
Am28F020A 
data sheet 


Note: 


1.0 /lm products 
will not be in production 
after 
1994. 
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Am29F040-XC/1 


4 Megabit 
(512K x 8) Flash Memory 


1OOKendurance 
cycles 
Embedded 
Algorithms 
Die Size: 0.262 x 0.297 inches 
Technology: 
0.85 11m 
Reference: 
Am29F040 
data sheet 


2456789 
o 0000000 


Am29F200-XC/1 


2 Megabit (262,144 
x 8-Bit/131 ,072 x 16-Bit) 
1OOKendurance 
cycles 
Embedded 
Algorithms 
Die Size: 0.266 x 0.203 inches 


Technology: 
0.85 11m 
Reference: 
Am29F200 
data sheet 


23456789 
000000000 


Am29F400-XC/1 
4 Megabit (524,288 
x 8-Bit/262,144 
x 16-Bit) 


100K endurance 
cycles 
Embedded 
Algorithms 
Die Size: 0.266 x 0.312 inches 


Technology: 
0.85 11m 
Reference: 
Am29F400 
data sheet 
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TERMS AND CONDITIONS OF SALE FOR 
AMD NON-VOLATILE MEMORY DIE 


All transactions 
relating 
to AMD 
Products 
under 
this 


agreement 
shall be subject 
to AMD's 
standard 
terms 


and conditions 
of sale, or any revisions 
thereof, 
which 


revisions 
AMD reserves 
the right to make at any time 


and from time to time. In the event of conflict 
between 


the provisions 
of AMD's standard 
terms and conditions 


of sale and this agreement, 
the terms of this agreement 


shall be controlling. 


AMD warrants articles of it's manufacture 
against defec- 


tive materials or workmanship 
for a period of ninety (90) 


days from date of shipment. 
This warranty 
does not ex- 
tend beyond 
AMD's 
customer.and 
does not extend to 


die which has been affixed onto a board or substrate of 
any kind. The liability of AMD under this warranty 
is lim- 
ited, at AMD's option, solely to repair or to replacement 
with equivalent 
articles, or to make an appropriate 
credit 


adjustment 
not to exceed the original sales price, for ar- 
ticles 
returned 
to AMD, 
provided 
that: (a) The Buyer 


promptly 
notifies AMD in writing of each and every de- 
fect or nonconformity 
in any article 
for which 
Buyer 


wishes to make a warranty 
claim against AMD: (b) Buy- 


er obtains authorization 
from AMD to return the article; 


(c) the article is returned to AMD, transportation 
charges 
paid by AMD, F.O.B. AMD's factory; and (d) AMD's ex- 
amination of such article dlscloses to its satisfaction 
that 


such alleged defect or nonconformity 
actually exists and 


was not caused by negligence, 
misuse, improper instal- 


lation, accident 
or unauthorized 
repair or alteration 
by 


an entity other than AMD. The aforementioned 
provi- 


sions do not extend the original warranty 
period of any 


article which 
has either been repaired 
or replaced 
by 


AMD. THIS WARRANTY 
IS EXPRESSED 
IN LIEU OF 


ALL 
OTHER 
WARRANTIES, 
EXPRESSED 
OR 
IM- 


PLIED, 
INCLUDING 
THE 
IMPLIED 
WARRANTY 
OF 


FITNESS 
FOR 
A 
PARTICULAR 
PURPOSE, 
THE 


IMPLIED 
WARRANTY 
OF MERCHANTABILITY 
AND 


OF ALL OTHER 
OBLIGATIONS 
OR LIABILITIES 
ON 


AMD'S 
PART, 
AND 
IT NEITHER 
ASSUMES 
NOR 
AUTHORIZES 
ANY OTHER 
PERSON 
TO ASSUME 
FOR AMD ANY OTHER 
LIABILITIES. 
THE FOREGO- 


ING CONSTITUTES 
THE 
BUYERS 
SOLE 
AND 
EX- 


C~USIVE 
REMEDY 
FOR 
THE 
FURNISHING 
OF 
DEFECTIVE 
OR 
NON 
CONFORMING 
ARTICLES 


AND AMD SHALL 
NOT 
IN ANY 
EVENT 
BE LIABLE 


FOR DAMAGES 
BY REASON 
OF FAILURE 
OF ANY 


PRODUCT 
TO FUNCTION 
PROPERLY 
OR FOR ANY 


SPECIAL, 
INDIRECT, 
CONSEQUENTIAL, 
INCIDEN- 


TAL OR EXEMPLARY 
DAMAGES, 
INCLUDING 
BUT 


NOT LIMITED TO, LOSS OF PROFITS, 
LOSS OF USE 
OR COST 
OF LABOR 
BY REASON 
OF THE 
FACT 


THAT SUCH ARTICLES 
SHALL HAVE BEEN DEFEC- 


TIVE OR NON CONFORMING. 
Buyer agrees that it will 


make 
no warranty 
representations 
to 
its customers 


which exceed those given by AMD to Buyer unless and 
until Buyer shall agree to indemnify 
AMD in writing for 


any claims 
which 
exceed 
AMD's 
warranty. 
Buyer ac- 
knowledges 
that electrical testing of die is limited to A.C. 


and 
D.C. testing 
at 25 degrees 
C unless 
otherwise 
specified. 
As SUCh,data sheet limits for packaged 
and 
tested 
devices 
do not apply to die sales and are not 


guaranteed 
by AMD unless otherwise 
specified. 
Buyer 
also assumes 
all responsibility 
for successful 
die prep, 


die attach and wire bonding 
processes. 
Due to the un- 


protected 
nature of the AMD 
Products 
which 
are the 


subject hereof, AMD assumes no responsibility 
for envi- 
ronmental 
effects on die. 


AM D products are not designed or authorized 
for use as 


components 
in life support 
appliances, 
devices or sys- 


tems where malfunction 
of a product can reasonably 
be 


expected 
to result in a personal 
injury. Buyer's 
use of 


AMD products 
for use in life support 
applications 
is at 


Buyers 
own risk and Buyer agrees 
to fully indemnify 


AMD for any damages 
resulting 
in such use or sale. 
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- 
Am29F010 


1 Megabit (131,072 x a-Bit) CMOS 5.0 Volt-only, 
Sector Erase Flash Memory 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
5.0 V ± 10% read, write, 
and erase 


- 
Minimizes 
system 
level power consumption 
• 
Compatible 
with 
JEDEC-standard 
commands 


- 
Uses same software 
commands 
as E2pROMs 


• 
Compatible 
with 
JEDEC-standard 
byte-wide 


pinouts 
- 
32-pin PLCC/LCC 
- 
32-pin TSOP 


- 
32-pin DIP 
• 
Minimum 
100,000 write/erase 
cycles 


• 
High performance 
- 
45 ns maximum 
access time 
• 
Sector 
erase architecture 


- 
8 equal size sectors of 16K bytes each 


- 
Any combination 
of sectors can be 
concurrently 
erased. Also supports full 


chip erase 


• 
Embedded 
EraseT'" 
Algorithms 


- 
Automatically 
pre-programs 
and erases 


the chip or any sector 


• 
Embedded 
ProgramT'" 
Algorithms 


- 
Automatically 
programs 
and verifies data 


at specified 
address 


• 
Data Polling 
and Toggle 
Bit feature 
for 


detection 
of program 
or erase cycle 


completion 
• 
Low power 
consumption 


20 mA typical active read current 
- 
30 mA typical program/erase 
current 
- 
25 ~A typical standby current 


• 
Low Vcc write 
inhibit::; 
3.2 V 
• 
Sector 
Protection 
Hardware 
method disables 
any combination 
of sectors from program 
or erase operations 


GENERAL DESCRIPTION 


The Am29F01 0 is a 1Mbit, 5.0 V-only Flash memory or- 
ganized as 128K bytes of 8 bits each. The Am29F01 0 is 
offered in a 32-pin package which allows for upgrades to 
4 Mbit densities 
in the same 
pin out. This device 
is 
designed 
to be programmed 
or erased 
in-system 
with 


the standard 
system 5.0 V Vcc supply. 12.0 V Vpp is not 


required 
for program 
or erase operations. 
The device 


can 
also 
be 
reprogrammed 
in 
standard 
EPROM 


programmers. 


The Am29F01 0 offers access times between 45 ns and 
120 
ns, 
allowing 
operation 
of 
high-speed 
micro- 
processors 
without wait states. To eliminate bus conten- 
tion the device 
has separate 
chip enable 
(GE), write 
enable (WE) and output enable (OE) controls. 


The Am29F01 0 is entirely 
pin and command 
set com- 


patible with JEDEC 
standard 
1 Mbit E2pROMs. 
Com- 


mands 
are 
written 
to 
the 
command 
register 
using 


standard 
microprocessor 
write timings. 
Register 
con- 


tents serve as input to an internal state-machine 
which 
controls 
the erase 
and 
programming 
circuitry. 
Write 
cycles also internally 
latch addresses 
and data needed 


for the programming 
and erase 
operations. 
Reading 


data out of the device is similar to reading from 12.0 V 
Flash or EPROM devices. 


The Am29F010 
is programmed 
by executing 
the pro- 


gram command 
sequence. 
This will invoke the Embed- 


ded Program 
algorithm 
which 
is an internal 
algorithm 


that automatically 
times the program 
pulse widths 
and 
verifies proper cell margin. Typically. 
each sector can be 


programmed 
and verified 
in less than 
0.3 seconds. 


Erase 
is 
accomplished 
by 
executing 
the 
erase 
command 
sequence. 
This will invoke 
the Embedded 
Erase 
algorithm 
which 
is an 
internal 
algorithm 
that 
automatically 
preprograms 
the array if it is not already 


Family Part No: 
Am29F010 


Ordering Part No: 
Vcc = 5.0 V ± 5% 
-45 


Read Voltage 
Vcc = 5.0 V ± 10% 
-55 
-70 
-90 
-120 


Max Access Time (ns) 
45 
55 
70 
90 
120 


CE (E) Access (ns) 
45 
55 
70 
90 
120 


OE (<3)Access (ns) 
25 
30 
30 
35 
50 


....ation# 16736 
Rev. E 
Amendment/O 


'~te: March 1993 
./ 


programmed 
before 
executing 
the 
erase 
operation. 
During erase, the device automatically 
times the erase 
pulse widths and verifies proper cell margin. 
The entire 
memory is typically erased and verified in three seconds 
(including 
pre-programming). 


An~ individual 
sector is typically 
erased and verified 
in 


1.3 seconds 
(including 
pre-programming). 


This device 
also features 
a sector erase architecture. 
The sector mode allows for 16K byte blocks of memory 
to ~e erased and reprogrammed 
without affecting other 
blocks. 
The Am29F010 
is erased 
when shipped 
from 
the factory. 


The device features single 5.0 V power supply operation 
for both read and write functions. 
Internally generated 
and regulated 
voltages 
are provided 
for the program 
and erase operations. 
A low Vcc detector automatically 
inhibits write operations 
during power transitions. 
The 
end of program 
or erase is detected 
by Data Polling of 
DO? or by the Toggle Bit featu re on 006. 
Once the pro- 
gram or erase cycle 
has been completed, 
the device 
internally 
resets to the read mode. 


AMD's 
Flash technology 
combines 
years 
of EPROM 
and E2PROM experience 
to produce the highest levels 
of 
quality, 
reliability 
and 
cost 
effectiveness. 
The 
Am29F010 
memory electrically 
erases the entire chip or 


all 
bits 
within 
a 
sector 
simultaneously 
via 
Fowler- 
Nordhiem 
tunneling. 
The bytes 
are programmed 
one 
byte at a time using the EPROM programming 
mecha- 


nism of hot electron injection. 


Flexible Sector-Erase Architecture 


• 
16K bytes per sector 


• 
Individual-sector, 
multiple-sector, 
or 
bulk-erase 
capability 


• 
Individual or multiple-sector 
protection 
is 
user definable 
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LOGIC SYMBOL 


CE(E) 


DE (G) 


WE(W) 


Pin 
Function 


AO-A16 
Address 
Inputs 


DOO-DOl 
Data Input/Output 


CE 
Chip Enable 


DE 
Output 
Enable 


WE 
Write 
Enable 


Vss 
Device 
Ground 


Vcc 
Device 
Power 
Supply 
(5.0 V ± 10% or ± 5%) 


NC 
No Internal 
Connection 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


OPTIONAL 
PROCESSING 
Blank = Standard Processing 


B = Burn-In 


TEMPERATURE 
RANGE 
C = Commercial (O°Cto +70°C) 
I 
= Industrial (-40°C to +85°C) 


E = Extended (-55°C to +125°C) 


PACKAGE 
TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded Chip 


Carrier (PL 032) 


E = 32-Pin Thin Small Outline Package 


(TSOP) Standard Pinout (TS 032) 


F = 32-Pin Thin Small Outline Package 
(TSOP) Reverse Pinout (TSR 032) 


SPEED 
OPTION 
See Product Selector Guide and 
Valid Combinations 


DEVICE 
NUMBER/DESCRIPTION 
Am29F010 
1 Megabit (128K x 8-Bit) CMOS Flash Memory 
5.0 V Program and Erase 
16K Byte Sectors 


Valid Combinations 


AM29F010-45 
JC, EC. FC 


AM29F010-55 
PC. PI. JC, JI, 
EC. EI, FC, FI 


AM29F010-70 
PC, PI, JC, 


AM29F010-90 
JI, PCB, PIB. 


AM29F010-120 
JCB. JIB. PE. 
PEB. JE, JEB. 
EC, EI, FC, Fl. EE. 
EEB. FE. FEB 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations and to check on newly released 
combinations. 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products 
for Aerospace 
and Defense 
applications 
are available 
in several 
packages 
and operating 
ranges. 
APL (Approved 
Products 
Ust) products 
are fully compliant 
with MIL-STD-883 
requirements. 
The order number 
(Valid Combination) 
is formed 
by 


a combination 
of: 


AT_ 
LEAD 
FINISH 
A = Hot Solder 
Dip 


PACKAGE 
TYPE 


X = 32-Pin 
Ceramic 
DIP (CD 032) 
U = 32-Pin 
Rectangular 
Ceramic 
Leadless 
Chip Carrier 
(CLR 032) 


SPEED 
OPTION 


See Product 
Selector 
Guide 
and 
Valid Combinations 


DEVICE 
NUMBER/DESCRIPTION 


Am29F010 
1 Megabit 
(128K 
x 8-Bit) CMOS 
Flash Memory 
5.0 V Program 
and Erase 


16K Byte Sectors 


Valid 
Combinations 


AM29F010-70 


AM29F010-90 
/BXA, 
/BUA 


AM29F010-120 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 
be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 


released 
combinations. 


Group 
A Tests 


Group 
A tests consist 
of Subgroups 


1, 2, 3, 7, 8, 9, 10, 11. 


Operation 
CE 
OE 
WE 
AO 
A1 
A9 
I/O 


Auto-Select Manufacturer Code (1) 
L 
L 
H 
L 
L 
VID 
Code 


Auto-Select Device Code (1) 
L 
L 
H 
H 
L 
VID 
Code 


Read 
L 
L 
H 
AO 
A1 
A9 
DOUT 


Standby 
H 
X 
X 
X 
X 
X 
HIGHZ 


Output Disable 
L 
H 
H 
X 
X 
X 
HIGHZ 


Write 
L 
H 
L 
AO 
A1 
A9 
DIN(2) 


Enable Sector Protect 
L 
VID 
L 
X 
X 
VID 
X 


Verify Sector Protect (3) 
L 
L 
H 
L 
H 
VID 
Code 


Legend: 


L = V,L. H = V,H. X = Don't 
Care. See DC Characteristics 
for voltage 
levels 


Notes: 


1. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Tables 3 and 4. 


2. 
Refer 
to Table 4 for valid DIN during a write operation. 


3. 
Refer 
to the section 
on Sector 
Protection 


Read Mode 


The Am29F01 0 has two control functions which must be 
satisfied in order to obtain data at the outputs. 
CE is the 


power control and should be used for device selection. 
OE is the output control and should be used to gate data 
to the output pins if a device is selected. 


Address 
access time (tACC)is equal to the delay from 


stable addresses 
to valid output data. 
The chip enable 


access time (tcE) is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge Df OE 
to valid data at the output pins (assuming the addresses 
have been stable for at least tACC-tOEtime). 


Standby Mode 


The 
Am29F010 
has two 
standby 
modes, 
a CMOS 


standby mode (CE input held at Vcc + 0.5 V). when the 
current 
consumed 
is less than 
100 
).lA; and 
a TIL 


standby 
mode 
(CE 
is held 
at VIH) when 
the current 


required 
is reduced 
to approximately 
1 mA. 
In the 


standby 
mode the outputs 
are in a high impedance 


state, independent 
of the OE input. 


If the device 
is deselected 
during erasure or program- 


ming, the device will draw active current until the opera- 
tion is completed. 


Output Disable 


With the OE input at a logic high level (VIH), output from 
the device is disabled. 
This will cause the output pins to 


be in a high impedance 
state. 


Autoselect 


The autoselect 
mode allows the reading out of a binary 


code from the device and will identify 
its manufacturer 
and type. This mode is intended for use by programming 
equipment 
for the purpose 
of automatically 
matching 
the device 
to be programmed 
with its corresponding 
programming 
algorithm. 
This mode is functional 
over 


the entire temperature 
range of the device. 


To activate 
this 
mode, 
the 
programming 
equipment 
must force VID(11.5 V to 12.5 V) on address pin A9. Two 
identifier bytes may then be sequenced 
from the device 


outputs by toggling 
address 
AO from VIL to VIH. All ad- 


dresses are don't cares except AO and A1. 


The manufacturer 
and device codes may also be read 
via 
the 
command 
register, 
for 
instances 
when 
the 
Am29F010 
is erased or programmed 
in a system with- 


out access to high voltage on the A9 pin. The command 
sequence 
is illustrated 
in Table 4 (refer to Autoselect 


Command 
section). 


Byte 0 (AO = VIL) represents 
the manufacture's 
code 


(AMO=01 H) and byte 1 (AO = VIH) the device 
identifier 
code (Am29F01 0=20H). 
These two bytes are given in 


the table below. 
All identifiers for manufactures 
and de- 


vice will exhibit odd parity with the MSB (007) defined 
as the parity bit. In order to read the proper device codes 
when 
executing 
the autoselect, 
A1 must be VIL (see 


Table 3). 


~ 
AMD 


A16 
A1S 
A14 
A1 
AO 
Code 
007 
006 
OOS 
004 
003 
002 
001 
000 
Type 
(HEX) 


M~nufacturer Code 
X 
X 
X 
VIL 
VIL 
01H 
0 
0 
0 
0 
0 
0 
0 
1 


Arp29F010 Device Code 
X 
X 
X 
VIL 
VIH 
20H 
0 
0 
1 
0 
0 
0 
0 
0 


S~ctor Protection Verify 
Sector Addresses 
VIH 
VIL 
01W 
0 
0 
0 
0 
0 
0 
0 
1 


'oyrputs 
01 H at protected 
sector 
addresses. 
Outputs 
OOH at unprotected 
sector 
addresses. 


Table 4. Sector 
Addresses 
Table 
Write 


Device erasure and programming 
are accomplished 
via 


the command 
register. 
The 
contents 
of the 
register 


serve as inputs to the internal state machine. 
The state 
mjChine 
outputs dictate the function 
of the device. 


The command 
register 
itself does not occupy 
any ad- 


dressable 
memory location. 
The register is a latch used 


to 1tore the commands, 
along with the address and data 
inf~rmation 
needed to execute the command. 
The com- 


m~nd register is written by bringing WE to VIL, while CE 
is 'It VIL and OE~t 
VIH. Addresses 
are latched on the 
failing edge of WE, while data is latched on the rising 
ed~e of the WE pulse. 
Standard 
microprocessor 
write 


tim~'ngs are used. 


Re er to AC Write Characteristics 
and the Erase/Pro- 
gr mming Waveforms 
for specific timing parameters. 


S,ctor Protection 


The Am29F010 
features 
hardware 
sector 
protection. 
This feature will disable both program and erase opera- 
tio~s in any number of sectors (0 through 7). The sector 
protect 
feature 
is enabled 
using 
programming 
equip- 


ment at the user's site. 
The device is shipped with all 


sedtors unprotected. 
Alternatively, 
AMD may program 


an1 protect sectors 
in the factory 
prior to shipping 
the 
device (see AM D's ExpressFlash 
Service section in the 
data book). 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VIO on address 
pin A9 and control 
pin OE. 


Th~ sector addresses 
(A 16, A 15, and A 14) should be 


set1tothe sector to be protected. Table 4 defines the sec- 
tor addresses 
for each of the eight (8) individual sectors. 
prdgramming 
of the protection 
circuitry 
begins on the 
falling edge of the WE pulse and is terminated 
with the 
risirg edge of the same. 
Sector addresses 
must be held 


co~stant during the WE pulse. 


To verify 
programming 
of the protection 
circuitry, 
the 
programming 
equipment 
must force VIOon address pin 


A9 I.vith CE and OE at VIL and WE at VIH. Reading the 
device 
at a particular 
sector 
address 
(A 16, A 15 and 


A16 
A1S 
A14 
Addr Range 


SAD 
0 
0 
0 
OOOOOh-03FFFh 


SA1 
0 
0 
1 
04000h·07FFFh 


SA2 
0 
1 
0 
08000h-OBFFFh 


SA3 
0 
1 
1 
OCOOOh-OFFFFh 


SA4 
1 
0 
0 
10000h-13FFFh 


SA5 
1 
0 
1 
14000h·17FFFh 


SA6 
1 
1 
0 
18000h-1BFFFh 


SA? 
1 
1 
1 
1COOOh-1FFFFh 


A14) will produce 01 H at data outputs (000-007) 
fora 


protected sector. Otherwise 
the device will read OOHfor 


unprotected 
sector. 
In this 
mode, 
the 
lower 
order 
addresses, 
except 
for 
AO and 
A1, 
are 
don't 
care. 


Address location 02H is reserved to verify sector protec- 
tion of the device. Address 
pin A1 must be held at VIH 
and AO at VIL (please refer to Table 3). Address 
location 
OOHand 01 H are reserved for autoselect 
codes. 
If a ver- 


ify of the sector protection 
circuitry were done at these 


addresses, 
the device would 
output the manufacturer 
and device codes respectively. 


It is also possible to determine 
if a sector is protected 
in 


the system 
by writing 
the autoselect 
command. 
Per- 


forming a read operation 
at particular 
sector addresses 
(A16, A15, A14) and with A1 = VIH and AO = VIL (other 
addresses 
are a don't 
care) will produce 
01 H data if 
those sectors are protected. 
(Please 
refer to Table 3). 


Otherwise 
the device will read OOHfor an unprotected 
sector. Please refer to the section on Sector Protection 
Algorithms 
for more details. 


Command Definitions 


Device 
operations 
are 
selected 
by writing 
specific 
address 
and 
data 
sequences 
into 
the 
command 


register. 
Table 
5 defines 
these 
register 
command 
sequences. 


Bus 
Fourth 
Bus 
Write 
First Bus 
Second Bus 
Third Bus 
ReadlWrite 
Fifth Bus 
Sixth Bus 


Command 
Cycles 
Write Cycle 
Write Cycle 
Write Cycle 
Cycle 
Write Cycle 
Write Cycle 


Sequence 
Req'd 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 


Read/Reset 
4 
5555H 
AAH 2AAAH 
55H 
5555H 
FOH 
RA 
RD 


Autoselect 
4 
5555H 
AAH 2AAAH 
55H 
5555H 
90H 
OOH/01H 01H/20H 


Byte Program 
4 
5555H 
AAH 2AAAH 
55H 
5555H 
AOH 
PA 
PD 


Chip Erase 
6 
5555H 
AAH 2AAAH 
55H 
5555H 
SOH 
5555H 
AAH 
2AAAH 
55H 
5555H 
10H 


Sector Erase 
6 
5555H 
AAH 2AAAH 
55H 
5555H 
SOH 
5555H 
AAH 
2AAAH 
55H 
SA 
30H 


Notes: 


1. 
Address bit A 15 = X = Don't Care. Write Sequences may be initiated with A 15 in either state. 
2. 
Address bit A 16 = X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA). 
3. 
Bus operations are defined in Table 2. 


4. 
RA = Address of the memory location to be read. 
PA = Address of the memory location to be programmed. Addresses are latched on the falling edge of the WE pulse. 
SA = Address of the sector to be erased. The combination of A 16, A 15, A 14 will uniquely select any sector. 
5. 
RD = Data read from location RA during read operation. 
PO = Data to be programmed at location PA. Data is latched on the falling edge of WE. 


Read/Reset Command 


The read or reset operation 
is initiated 
by writing 
the 
read/reset 
command 
sequence 
into the command 
reg- 


ister. 
Microprocessor 
read cycles 
retrieve 
array data 


from the memory. The device remains enabled for reads 
until the command 
register contents 
are altered. 


The device will automatically 
power-up 
in the read/reset 
state. In this case, a command 
sequence 
is not required 


to read data. Standard 
microprocessor 
read cycles will 


retrieve 
array data. This default 
value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. 
Refer to the AC Read Characteris- 


tics and Waveforms 
for the specific timing parameters. 


Autoselect Command 


Flash 
memories 
are intended 
for use in applications 
where the local CPU alters memory contents. 
As SUCh, 
manufacture 
and 
device 
codes 
must 
be accessible 
while the device 
resides 
in the target system. 
PROM 


programmers 
typically 
access 
the signature 
codes by 
raising A9 to a high voltage. 
However, multiplexing 
high 


voltage onto the address 
lines is not generally 
desired 
system design practice. 


The device contains 
an autoselect 
operation 
to supple- 


ment 
traditional 
PROM 
programming 
methodology. 
The operation 
is initiated by writing the autoselect 
com- 
mand sequence 
into the command 
register. 
Following 


the command 
write, a read cycle from address XXXOH 


retrieves 
the manufacturer 
code of 01 H. 
A read cycle 
from address XXX1 H returns the device code 20H (see 
Table 3). A read cycle from address XXX2H returns in- 
formation 
as to which sectors are protected. 
All manu- 
facturer and device codes will exhibit odd parity with the 
MSB (DO?) defined 
as the parity bit. 


To terminate 
the operation, 
it is necessary 
to write the 


read/reset 
command 
sequence 
into the register. 


Byte Programming 


The device 
is programmed 
on a byte-by-byte 
basis. 


Programming 
is a four bus cycle operation. 
There are 
two "unlock" 
write 
cycles. 
These 
are followed 
by the 
program 
set-up 
command 
and 
data 
write 
cycles. 


Addresses 
are latched on the falling edge of CE or WE, 


whichever 
happens later and the data is latched on the 


rising edge of CE or WE, whichever 
happens first. The 


rising 
edge 
of CE or WE 
(whichever 
happens 
first) 
begins 
programming. 
Upon executing 
the Embedded 
Program 
Algorithm 
command 
sequence 
the system 
is 
not required to provide further controls 
or timings. 
The 
device 
will automatically 
provide 
internally 
generated 
program pulses and verify the programmed 
cell margin. 


The 
automatic 
programming 
operation 
is completed 
when the data on DO? is equivalent 
to data written to 
this bit (see Write Operation 
Status 
section) 
at which 
time the device returns to the read mode and addresses 
are no longer 
latched. 
Therefore, 
the device 
requires 
that a valid address to the device be supplied by the sys- 
tem at this particular time. Hence, Data Polling must be 
performed 
at 
the 
memory 
location 
which 
is being 
programmed. 


Programming 
is allowed 
in any sequence 
and across 
sector 
boundaries. 
Beware 
that a data "0" cannot 
be 


programmed 
back to a "1". Attempting 
to do so will hang 
up the device, or result in an apparent 
success accord- 
ing to the data polling algorithm. 
However, 
a read from 


reset/read 
mode will show that the data is still "0". Only 
erase operations 
can convert "O"s to "1"s. 


Figure 
1 
illustrates 
the 
Embedded 
Programming 


Algorithm 
using 
typical 
command 
strings 
and 
bus 


operations. 


Chip Erase 


Chip erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 


then followed 
by the chip erase command. 


Chip erase does not require 
the user to program 
the 


device 
prior to erase. 
Upon executing 
the Embedded 


Erase™ Algorithm command 
sequence the device auto- 


matically 
will program 
and verify the entire memory for 


an all zero data pattern prior to electrical erase. The sys- 
tem is not required 
to provide 
any controls 
or timings 


during these operations. 


The automatic 
erase begins on the rising edge of the last 


WE pulse 
in the command 
sequence 
and terminates 


when the data on 007 is "1" (see Write Operation Status 
section) 
at which 
time the device 
returns to read the 


mode. 


FigJe 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 


Sector Erase 


Sector erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 


then followed 
by the sector erase command. 
The sector 


address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(data) is latched on the rising edge of WE. A time-out of 
80 llS from the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). 


Multiple 
sectors may be erased concurrently 
by writing 


the six bus cycle operations 
as described 
above. This 


sequence 
is followed 
with writes 
of the Sector 
Erase 


command 
(30H) to addresses 
in other sectors desired to 


be concurrently 
erased. The time between 
writes must 


be less than 80 lls, otherwise 
that command 
will not be 


accepted. 
It is recommended 
that processor 
interrupts 


be disabled during this time to guarantee 
this condition. 


The interrupts 
can be re-enabled 
after the last Sector 


Erase command 
is written. A time-out 
of 80 lJ.S from the 


rising edge of the last WE will initiate the execution ofthe 
Sector Erase command(s). 
If another falling 
edge of the 


WE occurs within the 80 llS time-out window, the timer is 
reset. 
(Monitor 003 to determine 
if the sector 
erase 


timer 
window 
is stil open, 
see section 
003, Sector 


Erase Timer.) 
Any command 
other than Sector 
Erase 


during this period will reset the device to read mode, ig- 
noring the previous command 
string. Loading the sector 


erase buffer may be done in any sequence 
and with any 


number of sectors (0 to 7). 


Sector erase does not require the user to program 
the 


device 
prior to erase. 
The 
device 
automatically 
pro- 


grams all memory locations in the sector(s) to be erased 
prior to electrical 
erase. When erasing 
a sector or sec- 


tors the remaining 
unselected 
sectors are not affected. 


The system 
is not required 
to provide 
any controls 
or 


timings during these operations. 


The automatic 
sector erase be..9.!.':!.s 
after the 100 llS time 


out from the rising edge of the WE pulse forthe 
last sec- 


tor erase command 
pulse and terminates 
when the data 


on D07 is "1" (see Write Operation 
Status section) 
at 


which time the device returns to read mode. Data Polling 
must be performed 
at an address within any of the sec- 


tors being erased. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 


Status 
DQ7 
DQ6 
DQS 
DQ3 
DQ2-DQO 


In Progress 
Auto-Programming 
DO? 
Toggle 
0 
0 
Reserved 
for 


ProgramiErase 
in Auto Erase 
0 
Toggle 
0 
1 
future 
use 


Exceeded 
Auto-Programming 
DO? 
Toggle 
1 
0 
Reserved 
for 
Time 
Lim~s 
Program/Erase 
in Auto-Erase 
0 
Toggle 
1 
1 
future 
use 


D07 
Data Polling 


The Am29F01 0 features 
Data Polling as a method to in- 


dicate to the host system that the Embedded 
Algorithms 


are in progress 
or completed. 


During the Embedded 
Programming 
Algorithm, 
an at- 
tempt to read the device will produce complement 
data 


of the data last written to D07. 
Upon completion 
of the 
Embedded 
Programming 
Algorithm 
an attempt to read 


the device will produce the true data last written to D07. 
Data Polling 
is valid after the rising edge of the fourth 


WE pulse in the four write pulse sequence. 


During the Embedded 
Erase Algorithm, 
007 
will be "0" 
until the erase operation 
is completed. 
Upon completion 


data at 007 
is "1". For chip erase, the Data Polling is 


valid after the rising edge of the sixth WE pulse in the six 
write pulse sequence. 
For sector erase, the Data Polling 


is valid after the last rising edge of the sector 
erase 
WEpulse. 


The Data Polling feature 
is only active during the Em- 
bedded 
Programming 
Algorithm, 
Embedded 
Erase 
Algorithm, 
or sector erase time-out 
(see Table 6). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 


D06 
Toggle 
Bit 


The 
Am29F010 
also 
features 
the 
"Toggle 
Bit" as a 
method to indicate to the host system that the Embed- 
ded Algorithms 
are in progress 
or completed. 


During an Embedded 
Program 
or Erase Algorithm 
cy- 
cle, successive 
attempts to read (OE toggling) data from 
the device will result in 006 
toggling 
between 
one and 
zero. Once the Embedded 
Program or Erase Algorithm 


cycle is completed, 
006 
will stop toggling and valid data 
will be read on the next successive 
attempt. 
During pro- 
gramming, 
the Toggle Bit is valid after the rising edge of 


the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle 
Bit is valid after the rising 


edge of the sixth WE pulse in the six write pulse se- 
quence. 
For Sector erase, the Toggle 
Bit is valid after 


the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


It should 
be noted that either CE or OE toggling 
will 


cause 006 
to toggle. 
See Figure 12 for the Toggle Bit 
timing specifications 
and diagrams. 


DOS 
Exceeded 
Timing 
Limits 


005 
will indicate 
if the program 
or erase time has ex- 


ceeded the specified 
limits (internal pulse count). Under 


these conditions 
005 
will produce a "1". This is a failure 


condition which indicates that the program 
or erase cy- 
cle was not successfully 
completed. 
Data Polling is the 


only operating 
function 
of the device 
under this condi- 


tion. The CE circuit will partially power down the device 
under these conditions 
(to approximately 
2 mAl. The OE 


and WE pins will control the output disable functions 
as 


described 
in Table 2. 


If this failure 
condition 
occurs 
during the sector erase 


operation, 
it specifies that a particular 
sector is bad and 


it may not be reused. 
However, 
other sectors 
are still 


functional 
and may be used for additional 
program 
or 


erase operations. 
The device must be reset to use other 


sectors. Write the Reset cornmand 
sequence 
to the de- 


vice, and then execute the prograrn or erase command 
sequence. 


If this failure condition 
occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 
nation of sectors are bad. 


If 
this 
failure 
condition 
occurs 
during 
the 
byte 


programrning 
operation, 
it specifies 
that 
the 
entire 
sector containing 
that byte is bad and this sector may 


not be reused 
(other 
sectors 
are still functional 
and 
can 
be 
reused). 
The 
device 
must 
be 
reset 
to use 
other sectors. 


The D05 failure condition rnay also appear if a user tries 
to program 
a non blank location without erasing. 
In this 
case the system never reads valid data on the 007 
bit 


and D06 never stops toggling. 
Once the device has ex- 
ceeded 
tirning 
lirnits, the 
005 
bit will indicate 
a "1." 


Please 
note that this is not a device 
failure 
condition 
since the device was incorrectly 
used. The device must 


be reset to continue 
using the device. 


D03 
Sector 
Erase Timer 


After the completion 
of the initial sector erase command 
sequence the sector erase tirne-out will begin. 
003 
will 


remain low until the time-out 
is cornplete. 
Data Polling 
and Toggle 
Bit are valid after the initial sector 
erase 
command 
sequence 
is completed. 


If Data Polling or the Toggle Bit indicates that the device 
has been written with a valid erase command, 
003 
may 


be used to determine 
if the sector erase timer window is 
still open. 
If D03 
is high ("1") the internally 
controlled 
erase cycle has begun; 
attempts 
to write 
subsequent 
commands 
to the device will be ignored until the erase 
operation 
is completed 
as indicated 
by Data Polling or 


Toggle Bit. If 003 
is low ("0"). the device will accept ad- 


ditional 
sector 
erase cornmands. 
To insure 
the com- 
mand has been accepted, 
the software 
should check 


the 
status 
of 
003 
prior 
to 
and 
following 
each 
subsequent 
sector erase command. 
If 003 
were high 
on the second status check, the command 
may not have 


been accepted. 


PA~ALLEL DEVICE ERASURE 


Smc,e the device 
IS completely 
self-timed, 
devices can 


be 
erased 
or 
programmed 
in parallel 
without 
con- 


sideration 
of other devices 
in the system. 


Data Protection 


The Am29F010 
is designed 
to offer protection 
against 


accidental 
erasure or programming 
caused by spurious 


system level signals that may exist during power transi- 
tionl 
During power up the device automatically 
resets 


the ifllernal 
state machine 
in the Read mode. Also, with 


its control register architecture, 
alteration of the memory 


contents only occurs after successful completion 
of spe- 


cific multi-bus 
cycle command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
de- 


scriqed below to prevent inadvertent 
write cycles result- 


Ing ~rom Vcc power-up 
and power-down 
transitions 
or 


system noise. 


Lot 
Vc~ 'Nr~teInhibit 


To 1vold lnillatlon 
of a write cycle during Vcc power-up 


and power-down, 
a write cycle is locked out for Vcc less 
tha~ 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
IS disabled 
and 
all 
internal 
program/erase 
circ~its are disabled. 
Under this condition the device will 


res t to the 
read 
mode. 
Subsequent 
writes 
will be 


ignored until the Vcc level is greater than VLKO. It is the 
users responsibility 
to ensure that the control 
pins are 


logically 
correct 
to prevent 
unintentional 
writes 
when 


Vcc is above 3.2 V. 


Write Pulse "Glitch" Protection 


Noise pulses of less than S ns (typical) on OE, CE, or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing is inhibited by holding anyone 
of OE = VIL, CE = 


VIH, or WE = VIH. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-upofthe 
device with WE = CE = VILand OE = V IH 


will not accept commands 
on the rising edge of WE. The 


internal state machine is automatically 
reset to the read 


mode on power-up. 


Sector Protect 


Sectors of the Am29F01 0 may be hardware protected at 
the users factory. 
The protection 
circuitry 
will disable 


both program and erase functions forthe 
protected 
sec- 


tor(s). 
Requests to program or erase a protected 
sector 


will be ignored by the device. 


:1-;.1;-:;4;-----------S=-.-=-o-:"v-:-"o-It-.o-nl-y-, -s-e-ct-o-r-E-r-as-e-F-Ia-s-h-M--em-o-ri-e-s------------ 


Write 
Program 
Command 
Sequence 


(see below) 


Bus Operations 
Command 
Sequence 
Comments 


Standby 


Wr~e 
Embedded 
Programming 
Algorithm 
Valid Address/Data 
Sequence 


Read 
Data Polling to Verify 
Programming 


Write 
Erase 
Command 
Sequence 


(see below) 


Data Polling 
or Toggle 
Bit 
Successfully 
Completed 


Chip Erase Command 
Sequence 


(Address/Command): 


Individual 
Sector/Multiple 
Sector 
Erase Command 
Sequence 
(Address/Command) 
: 


Additional 
sector 


erase 
commands 
are optional 


Bus Operations 
Command 
Sequence 
Comments 


Standby 


Write 
Embedded 
Erase Algorithm 


Read 
Data Polling 
to Verify 
Erasure 


Read 
Byte 
(000-007) 
Addr=VA 


Read Byte 
(000-007) 
Addr=VA 


VA = Byte address 
for programming 


= Any of the sector 
addresses 
within 
the 


sector 
being 
erased 
during 
sector 
erase 
operation 
= XXXXH 
during 
chip erase 


Note: 
1. 
007 
is rechecked 
even if 005 
= "1" because 
007 
may change 
simultaneously 
with 005. 


Read 
Byte 
(000-007) 


Addr=VA 


VA = Byte address 
for programming 


= any of the sector 
addresses 
within 
the 


sector 
being 
erased 
during 
sector 
erase 


operation 
= XXXXH 
during 
chip erase 


Read Byte 
(000-007) 


Addr=VA 


Note: 
1. 
D06 
is rechecked 
even if D05 
= "1" because 
D06 
may stop toggling 
at the same 
time as D05 
changing 
to "1", 


ABSOLUTE MAXIMUM RATINGS 


Storage Teryiperature 
Ceramic 
Packages 
-65°C 
to +150°C 


Plastic Packages 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
.. 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 (Note 1) 
-2.0 
V to +7.0 V 


Vee (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) . . . . . . . . . . . 
-2.0 
V to + 14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 
i. 
Minimum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions, 
inputs may overshoot 
Vss to -2. 0 V for 
periods 
of up to 20 ns. Maximum 
DC voltage 
on input and 


I/O pins is Vee + 0.5 V. During 
voltage 
transitions, 
outputs 


may overshoot 
to Vee + 2.0 
V for periods 
up to 20 ns. 


2. 
Minimum 
DC input voltage on A9 pin is -0.5 V. During volt- 


age transitions, 
A9 may overshoot 
Vss to -2.0 V for peri- 


ods of up to 20 ns. Maximum 
DC input 
voltage 
on A9 is 


+ 13.5 V which may overshoot 
to 14.0 V for periods 
up to 


20ns. 


3. 
No more than one output shorted 
at a time. Duration 
of the 
short circuit 
should 
not be greater 
than one second. 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings" may cause permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the opera- 


tional sections 
of this specification 
is not implied. 
Exposure 
of 
the 
device 
to absolute 
maximum 
rating 
conditions 
for ex- 


tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to + 125°C 


Vcc Supply 
Voltages 
Vccfor 
Am29F010-45 
+4.75 V to +5.25 V 


Veefor Am29F010-55, 
70, 


90, 120 
+4.50 V to +5.50 V 


Operating 
ranges 
define 
those limits between 
which the func- 
tionality 
of the device 
is guaranteed. 


20 ns 
20 ns 


~ 
.. 
~ 


20 ns 
16736E-12 


Figure 
5. Maximum 
Negative 
Overshoot 
Waveform 


Vee + 0.5 V 


2.0 V 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


III 
Input Load Current 
VIN = Vss to Vcc, 
± 1.0 
~ 
Vcc = Vcc Max 


11iT 
A9 Input Load Current 
Vcc = Vcc Max, A9 = 12.5 V 
50 
~ 


ILO 
Output 
Leakage 
Current 
VOUT = Vss to Vcc, 
± 1.0 
~ 


Vcc= 
Vcc Max 


Icc1 
Vcc Active 
Current 
for Read 
CE = VIL, OE = VIH 
30 
mA 
(Note 1) 


ICC2 
Vcc 
Active 
Current 
for 
CE = VIL,OE 
= VIH 
50 
mA 
Program 
or Erase 
(Notes 2, 3) 


ICC3 
Vcc Standby 
Current 
Vcc = Vcc Max, CE = VIH 
1.0 
mA 


VIL 
Input Low Level 
-0.5 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc 
V 
+ 0.5 


VID 
A9 Voltage 
for Autoselect 
Vcc = 5.0 V 
11.5 
12.5 
V 


VOL 
Output 
Low Voltage 
IOL= 12 mA 
0.45 
V 


Vcc = Vcc Min 


VOH 
Output 
High Level 
IOH= -2.5 mA 
2.4 
V 


Vcc= 
Vcc Min 


yLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
The Ice current 
listed includes 
both the DC operating 
current and the frequency 
dependent 
component 
(at 6 MHz). 
The 


frequency 
component 
typically 
is less than 2 mA/MHz, 
with OE at VIH. 


2. 
Ice active while Embedded 
Algorithm 
(program 
or erase) is in progress. 


3. 
Not 100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


III 
Input Load Current 
Vee = Vee Max, 
± 1.0 
vA 


VIN = Vss to Vee 


IUT 
A9 Input Load Current 
Vee = Vee Max, A9 = 12.5 V 
50 
vA 


ILO 
Output 
Leakage 
Current 
Vee = Vee Max, 
± 1.0 
vA 


VOUT = Vss to Vee 


leel 
Vee Active 
Current 
for Read 
CE = VIL, OE = VIH 
30 
mA 


(Note 
1) 


lee2 
Vee Active 
Current 
for 
CE = VIL, OE = VIH 
50 
mA 


Program 
or Erase 
(Notes 
2, 3) 


lee3 
Vcc Standby 
Current 
Vee = Vee Max, CE = Vee ± 0.5 V 
100 
vA 


VIL 
Input Low Level 
--<l.5 
0.8 
V 


VIH 
Input High Level 
0.7Vee 
Vee 
V 
+0.5 


VID 
A9 Voltage 
for Autoselect 
Vee= 
5.0 V 
11.5 
12.5 
V 


VOL 
IOL= 12.0 mA 
0.45 
V 


Vee = VeeMin 


V0I-l1 


Output 
Low Vottage 
IOH= -2.5 
mA, Vee = Vee Min 
0.85 Vee 
V 


V0I-l2 
Output 
High Voltage 
IOH= -100 
ILA, Vee = Vee Min 
Vee--<l.4 
V 


VLKO 
Low Vee Lock-out 
Vottage 
3.2 
V 


Notes: 


1. The Ice current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). The 
frequency component typically is less than 2 mAlMHz, with OE at V/H. 


2. 
Ice active while Embedded Algorithm (program or erase) is in progress. 


3. 
Not 100% tested. 


Parameter 
Symbols 
Test 
-45 
-55 
-70 
-90 
·120 
JEDEC 
Standard 
Description 
Setup 
(1) 
(2) 
(2) 
(2) 
(2) 
Unit 


tAvlv 
tRC 
Read Cycle 
Time 
(Note 4) 
Min 
45 
55 
70 
90 
120 
ns 


tAvOV 
tACC 
Address 
to Output 
Delay 
CE = VIL 
Max 
45 
55 
70 
90 
120 
ns 


(max) 
OE = VIL 


tELOV 
tCE 
Chip Enable 
to Output 
OE = VIL 
Max 
45 
55 
70 
90 
120 
ns 
(max) 


tGLOV 
tOE 
Output 
Enable 
to 
Max 
25 
30 
30 
35 
50 
ns 
(max) 
Output 


tEHfZ 
tDF 
Chip Enable 
to Output 
Max 
10 
15 
20 
20 
30 
ns 
(max) 
High Z (Notes 
3, 4) 


tGHFZ 
tDF 
Output 
Enable 
to Output 
Max 
10 
15 
20 
20 
30 
ns 
High Z (Notes 
3, 4) 


tAxbx 
tOH 
Output 
Hold Time 
From 
Max 
0 
0 
0 
0 
0 
ns 


I 


Addresses, 
CE or OE, 
Whichever 
Occurs 
First 


I 
Not~s: 


1. 
Test Conditions: 
Cjutput Load: 
1 TTL gate and 30 pF 
'rput 
rise and fall times: 5 ns 
'rput 
pulse 
levels: 
0.0 V to 3.0 V 
Timing 
measurement 
reference 
level 
Input: 
1.5 V 
Output: 
1.5 V 


2. 
Test Conditions: 
Output 
Load: 
1 TTL gate and 
100 pF 
Input rise and fall times: 
20 ns 
Input pulse 
levels: 
0.45 
V to 2.4 V 
Timing measurement 
reference 
level 
Input: 0.8 and 2.0 V 
Output: 
0.8 and 2.0 
V 


3. 
Output 
driver 
disable 
time. 


4. 
Not 
100% tested. 


Device 
Under 
Test 


Diodes = IN3064 
or Equivalent 


Note: 


For -45: CL = 30 pF including 
jig capacitance 


For all others: 
CL = 100 pF including 
jig capacitance 


Figure 7. Test Conditions 
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Parameter 
Symbol 


JEDEC 
Standard 
Description 
-45 
-55 
-70 
-90 
-120 
Unit 


IAVAV 
twc 
Write 
Cycle Time 
(Note 4) 
Min 
45 
55 
70 
90 
120 
ns 


IAVWL 
tAS 
Address 
Setup 
Time 
Min 
a 
a 
a 
a 
a 
ns 


lwLAX 
tAH 
Address 
Hold Time 
Min 
35 
45 
45 
45 
50 
ns 


tDVWH 
tDS 
Data Setup 
Time 
Min 
20 
20 
30 
45 
50 
ns 


tWHDX 
tDH 
Data Hold Time 
Min 
a 
a 
a 
a 
a 
ns 


tOES 
Output 
Enable 
Setup 
Time 
Min 
a 
a 
a 
a 
a 
ns 


Output 
Enablel 
Read 
(Note 4) 
Min 
a 
a 
a 
a 
a 
ns 


tOEH 


Hold Time 
I Toggle 
and Data Polling 
(Note 4) Min 
10 
10 
10 
10 
10 
ns 


tGHWL 
tGHWL 
Read 
Recover 
Time 
Before 
Write 
Min 
a 
a 
a 
a 
a 
ns 


tELWL 
tcs 
CE S'etup Time 
Min 
a 
a 
a 
a 
a 
ns 


tWHEH 
tCH 
CE Hold Time 
Min 
a 
a 
a 
a 
a 
ns 


tWLWH 
twp 
Write 
Pulse Width 
Min 
25 
30 
35 
45 
50 
ns 


tWHwL 
tWPH 
Write 
Pulse Width 
High 
Min 
20 
20 
20 
20 
20 
ns 


tWHWHl 
tWHWH1 Programming 
Operation 
Min 
14 
14 
14 
14 
14 
~s 


tWHWH2 
tWHWH2 Erase 
Operation 
(Note 1) 
Min 
2,2 
2,2 
2,2 
2.2 
2,2 
sec 


tvcs 
Vcc 
Set Up Time 
(Note 4) 
Min 
50 
50 
50 
50 
50 
~s 


tVLHT 
Voltage 
Transition 
Time 
(Notes 2,4) 
Min 
4 
4 
4 
4 
4 
~s 


twpp 
Write 
Pulse Width 
(Note 2) 
Min 
10 
10 
10 
10 
10 
ms 


tOESP 
OE Setup Time to WE Active 
(Notes 
2,4) 
Min 
4 
4 
4 
4 
4 
~s 


tcsp 
CE Setup 
Time to WE Active 
(Notes 3,4) 
Min 
4 
4 
4 
4 
4 
~s 


Notes: 


1. 
This also includes 
the preprogramming 
time. 


2. 
These timings are for Sector Protect/Unprotect 
operations. 


3. 
This timing is only for Sector Unprotect. 


4. 
Not 100% tested. 


~ 
AMD 


K~Y TO SWITCHING WAVEFORMS 


Must Be 
Steady 
\\\\\ 


May 
Change 
from 
H to L 
///0 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Will Be 
Steady 


Will Be 
Changing 
from 
H to L 


Will Be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off"State 


KS000010 


sirrCHING 
WAVEFORMS 


Addresses 
~~~~~~~~~~~~~A~d~d~re~s~s-et-~-:-ta-b-le------ 
__ t 
_ 


tt:-------tAcc 
.' 
~ 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
D07 
is the output of the complement 
of the data written to the device. 


4. 
OOUTis the output of the data written to the device. 


5. 
Figure indicates 
last two bus cycles of four bus cycle sequence. 


IDS 


vcc~ 


Note: 


1. 
SA is the sector address 
for Sector Erase. Addresses 
= don't care for Chip Erase. 


Figure 10. AC Waveforms 
Chip/Sector 
Erase Operations 


~ 
AMD 


I 


tOE 


"007= 
Valid Data 
(The device 
has completed 
the Embedded 
operation). 


CE n~ 
_ 


Note: 


"006 
stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 


Sector Protection 


The 
Am29F010 
features 
hardware 
sector 
protection 


which will disable both program and erase operations 
to 


an individual 
sector or any group of sectors. To activate 


this mode, the programming 
equipment 
must force 
VID 


on control 
pin OE and address 
pin A9. The sector ad- 


dresses 
should be set using higher address 
lines A 16, 
A 15, and A 14. The protection 
mechanism 
begins on the 


falling edge of the WE pulse and is terminated 
with the 


rising edge of the same. 


It is also possible to verify if a sector is protected 
during 


the sector protection 
operation. 
This is done by selling 


CE and OE at VIL and WE at VIH (A9 remains high at VIO). 
Reading the device at address 
location XXX2H, where 


the higher order addresses 
(A16, A15, and A14) define 


a particular 
sector, 
will produce 
01 H at data outputs 


(000-007) 
for a protected 
sector. 


Sector Unprotect 


The Am29F01 0 also features 
a sector unprotect 
mode, 


so that a protected 
sector may be unprotected 
to incor- 


porate any changes 
in the code. All sectors should be 
protected 
prior to unprotecting 
any sector. 


To activate 
this 
mode, 
the 
programming 
equipment 
must force VIDon control pins OE, CE, and address pin 
A9. The address pins A6, A7, and A12 should be set to 
A7 = A12 = VIH, and A6 = VIL. The unprotection 
mecha- 


nism begins on the falling edge of the WE pulse and is 
terminated 
with the rising edge of the same. 


It is also possible to determine 
if a sector is unprotected 
in the system by writing the autoselect 
command. 
Per- 
forming 
a read operation 
at address 
location 
XXX2H, 


where the higher order addresses 
(A 16, A 15, and A 14) 


define a particular 
sector address, 
will produce 
OOH at 


data outputs (000-007) 
for an unprotected 
sector. 


Power 
Down 
OE 
WE = VIH 
CE = OE = VIL 
A9 should 
remain 
VID 


A16, 
X 


A15. 
SAx 
A14 


AO 
A 


Al 
Y 


~------------------------~ 


12V-----------;g;- -- 
5V 
-------. 


A9 ___ 
...I 
IVLHT 


12V ------------- 
5V 


SAx = Sector Address 
for initial sector 


SAy = Sector Address 
for next sector 


Notes: 
SAD 
= Sector 
Address 
for initial 
sector 
SA7 = Sector 
Address 
for last sector 
Please 
refer 
to Table 4 for details. 


Figure 15. Sector Unprotect 
Algorithm 


5.0 Volt-only. 
Sector Erase Flash Memories 


12 V - 
0 o. _ 0 
_ 


5 Vo - - 


A9 


~~1~~_X //////71////////////// 
~~ 
SAO 
~1 


/////////////////////////~~-------- 


//////////70///////////// 
~~ 


~////////// 


12V-------------- 
--- 


5V--- 


OE 


12V-------------- 
--- 
5V--- 


CE 


Data--------------"s 
8-- 


./" 
Execute 
AutoSelect 
Command 
Sequence 


AC CHARACTERISTICS-WRITE/ERASE/PROGRAM 
OPERATIONS 


Alternate CE Controlled Writes 


Parameter 
Symbol 


JEDEC 
Standard 
Description 
-45 
-55 
-70 
-90 
-120 
Unit 


tAVAV 
twe 
Write Cycle 
Time 
(Note 2) 
Min 
45 
55 
70 
90 
120 
ns 


tAvEL 
tAS 
Address 
Setup 
Time 
Min 
a 
a 
a 
a 
a 
ns 


tELAX 
tAH 
Address 
Hold Time 
Min 
35 
45 
45 
45 
50 
ns 


tovEH 
tos 
Data Setup 
Time 
Min 
20 
20 
30 
45 
50 
ns 


tEHOX 
tOH 
Data Hold Time 
Min 
a 
a 
a 
a 
a 
ns 


tOES 
Output 
Enable 
Setup 
Time 
Min 
a 
a 
a 
a 
a 
ns 


Output 
EnablelRead 
(Note 2) 
Min 
a 
a 
0 
0 
0 
ns 


tOEH 
Hold Time 
IToggle 
and Data Polling 
(Note 2) 
Min 
10 
10 
10 
10 
10 
ns 


tGHEL 
tGHEL 
Read 
Recover 
Time 
Before 
Write 
Min 
0 
0 
a 
a 
0 
ns 


tWLEL 
tws 
WE Setup 
Time 
Min 
0 
a 
a 
a 
0 
ns 


tEHwH 
tWH 
WE Hold Time 
Min 
a 
0 
a 
a 
a 
ns 


tELEH 
tep 
CE Pulse 
Width 
Min 
25 
30 
35 
45 
50 
ns 


tEHEL 
tePH 
CE Pulse Width 
High 
Min 
20 
20 
20 
20 
20 
ns 


tWHWHl 
tWHwHl 
Programming 
Operation 
Min 
14 
14 
14 
14 
14 
I.ls 


tWH~H2 
tWHWH2 
Erase 
Operation 
(Note 1) 
Min 
2.2 
2.2 
2.2 
2.2 
2.2 
sec 


tves 
Vee Set Up Time (Note 2) 
Min 
2 
2 
2 
2 
2 
I.lS 


Notes: 


1. 
This also includes 
the preprogramming 
time. 


2. 
Not 100% tested. 


=t55Hjt 
PA 


twc 
tAS 


Data Polling 


",txxm 
PA x_>- 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data 
to be programmed 
at byte address. 


3. 
DOl is the output 
of the complement 
of the data written 
to the device. 


4. 
Dour 
is the output 
of the data 
written 
to the device. 


5. 
Figure 
indicates 
last two bus cycles 
of four bus cycle sequence. 


Limits 


Parameter 
Min 
Typ 
Max 
Unit 
Comments 


Chip/Sector 
Erase 
Time 
1 
10 
see 
Excludes 
OOH programming 


(Note 1) 
prior to erasure 


Sector 
Programming 
Time 
0.3 
see 


Chip Programming 
Time 
2 
12.5 
see 
Excludes 
system-level 
overhead 


Erase/Program 
Cycles 
100,000 
,000,000 
Cycles 


Byte Program 
Time 
14 
Ils 


60 
ms 
(Notes 3, 4) 


Notes: 


1. 
The Embedded 
Algorithm 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


2. 
The Embedded 
Algorithms 
allow for a longer chip program 
and erase time. However, 
the actual 
time will be considerably 
less 
since bytes 
program 
or erase 
significantly 
faster 
than the worst case byte. 
3. 
QQ5 = "1" only after a byte takes longer 
than 60 ms to program. 


4. 
A minimal 
number 
of bytes may require 
significantly 
more programming 
pulses 
then the typical byte. 
The majority 
of bytes 
will 
program 
within one or two pulses. 
This is demonstrated 
by the Typical and Maximum 
Chip Programming 
Times listed above. 


Min 
Max 


InpGt Voltage 
with respect 
to Vss on all pins except 
I/O pins (Including 
A9) 
-1.0 V 
13.5 V 


Input Voltage 
with respect 
to Vss on all I/O pins 
-1.0 V 
Vcc + 1.0 V 


Current 
-100 mA 
+100 mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


P~rameter 


Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
VIN = 0 
7.5 
9 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


Parameter 
Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
VIN = 0 
7.5 
9 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


Parameter 
Symbol 
Parameter 
Description 
Test Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
4 
6 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Control 
Pin Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 100% tested. 


2. 
Test conditions 
TA= 2SOC. f = 1.0 MHz 


Parameter 
Symbol 
Parameter 
Description 
Test Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
4 
6 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Control 
Pin Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled. 
not 100% tested. 


2. 
Test conditions 
TA = 2SOC. f = 1.0 MHz 


Parameter 
Test Conditions 
Mln 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
1S0·C 
10 
Years 


12S·C 
20 
Years 


Data Sheet Revision 
Summary 
for 


Am29F010 


Title 


Data sheet is now Final, and not Preliminary. 


Specify "1 Megabit" density. 


General 
Description 


Include statement 
"Am29F040 
is erased when shipped 


from factory." 


Write 
Operation 
Status, 
Table 6. Hardware 


Sequence 
Flags 


Remove listing of D04 and made D04 as AMD's 
internal use only. 


Remove paragraph 
on D04, Hardware 
Sequence 
Flag. 


DC Characteristics 
TTLINMOS 
Compatible 


Add parameter 
IUT: "A9 Input Load Current" 


Delete parameter 
IDS: Output Short Curcuit Current. 


DC Characteristics: 
CMOS Compatible 


Add parameter 
IUT: "A9 Input Load Current." 


Delete parameter 
los: Output Short Curcuit Current. 


AC Characteristics: 
Write/Erase/Program 


Operations 


Correct tves: Vee Set Up Time from 2 m to 50 m. 


Figure 
13. Sector 
Protect 
Algorithm 
Flow 
Chart 


Correct Time Out value from 10m to 100 m. 


- 
Am29F1 OOTIAm29F1 008 
1 Megabit (131,072 x 8-Bit/65,536 x 16-Bit) 
CMOS 5.0 Volt-only, Sector Erase Flash Memory 


~ 


Advanced 


Micro 


Devices 


DISTINCTIVE CHARACTERISTICS 


• 
5.0 V ± 10% 
read, write, 
and erase 


- 
Minimizes 
system level power requirements 


• 
Compatible 
with JEDEC-standard 
commands 


- 
Uses same software commands 
as E2PROMs 


• 
Compatible 
with JEDEC-standard 
word-wide 


pinouts 


- 
44-pin SO 
- 
48-pin TSOP 
• 
Minimum 
100,000 write/erase 
cycles 


• 
High performance 
- 
70 ns maximum 
access time 
• 
Sector 
erase architecture 


- 
One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, 
and one 64 Kbyte 
- 
Any combination 
of sectors can be concurrently 
erased. Also supports full chip erase. 


• 
Embedded 
Erase Algorithms 


- 
Automatically 
pre-programs 
and erases the 
chip or any sector 


• 
Embedded 
Program 
Algorithms 


- 
Automatically 
writes and verifies data at 


specified address 
• 
Data Polling 
and Toggle 
Bit feature 
for detec- 


tion of program 
or erase 
cycle 
completion 


• 
Low power 
consumption 
- 
20 mA typical 
active read current for Byte Mode 


- 
28 mA typical active read current for Word 
Mode 
- 
30 mA typical write/erase 
current 


- 
25lJ.A typical standby current 


• 
Low Vcc write 
inhibit 
$ 3.2 V 


• 
Sector 
protection 
- 
Hardware 
method disables 
any combination 
of 


sectors from write or erase operations 


• 
Erase Suspend/Resume 
- 
Suspend 
the erase operation 
to allow a read in 


another sector within the same device 


• 
Boot Code Sector 
Architecture 


- 
T = Top sector 
- 
B = Bottom sector 


GENERAL DESCRIPTION 


The Am29F1 00 is a 1 Mbit, 5.0 V-only Flash memory or- 
ganized as 128K bytes of 8 bits each or 64K words of 16 
bits each. The Am29F100 
is offered 
in 44-pin SO and 


48-pin TSOP packages. 
This device 
is designed 
to be 
programmed 
in-system 
with the standard 
system 5.0 V 


Vcc 
supply. 
A 
12.0 
V 
Vpp 
is 
not 
required 
for 


write or erase 
operations. 
The 
device 
can 
also 
be 


reprogrammed 
in standard 
EPROM programmers. 
The 
Am29F100 
is erased when shipped from the factory. 


The standard 
Am29F1 00 offers access times between 


70 ns and 150 ns, allowing operation 
of high-speed 
mi- 
croprocessors 
without 
wait 
states. 
To eliminate 
bus 


contention 
the device 
has separate 
c~ 
enable (eE), 


write enable (WE) and output enable (OE) controls. 


The Am29F1 00 is pin and command 
set compatible 
with 


JEDEC standard 1 Mbit ePROMs. 
Commands 
are writ- 
ten to the command 
register 
using standard 
micropro- 


cessor write timings. 
Register contents serve as input to 
an internal state-machine 
which controls the erase and 


programming 
circuitry. Write cycles also internally latch 


addresses 
and data needed for the programming 
and 
erase operations. 
Reading data out of the device is simi- 
lar to reading from 12.0 V Flash or EPROM devices. 


Family 
Part 
No: 
Am29F100 


Ordering 
Part No: 
Vcc = 5.0 V ± 5% 
-75 


Vcc = 5.0 V + 10% 
-90 
-120 
-150 


Max Access 
Time 
(ns) 
70 
90 
120 
150 


CE (E) Access 
(ns) 
70 
90 
120 
150 


OE (G) Access 
(ns) 
30 
35 
50 
55 


This document 
contains 
information 
on a product 
under development 
at Advanced 
Micro 
Devices, 
Inc. The information 
is intended 
10 help you to evaluate 
this product. 
AMD 
reserves 
the right to change 
or discontinue 
work 
on this proposed 
product 
without 
nalice. 


ADVANCE 
INFORMATION 


ThJ Am29F100 
is programmed 
by executing 
the pro- 
Flexible Sector-Erase Architecture 


gram command 
sequence. 
This will invoke the Embed- 
_ 
One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, and 
ded Program 
Algorithm 
which 
is an internal 
algorithm 
one 64 Kbyte 


that automatically 
times the program 
pulse widths and 


verifies proper cell margin. Typically, 
each sector can be 
- 
Individual-sector, 
multiple-sector, 
or bulk-erase 


capability 
programmed 
and 
verified 
in less than 
one 
second. 


Erase 
is accomplished 
by executing 
the erase com- 
- 
Individual 
or multiple-sector 
protection 
is user 
mand sequence. 
This will invoke the Embedded 
Erase 
definable 


Algorithm 
which is an internal 
algorithm 
that automati- 


cally 
preprograms 
the 
array 
if it is not already 
pro- 


grammed 
before executing 
the erase operation. 
During 


erase, the device 
automatically 
times the erase pulse 


widths and verifies 
proper cell margin. 


The 
entire 
chip 
or any 
individual 
sector 
is typically 


erased and verified in 1.5 seconds (if already completely 
preprogrammed) 
. 


This device 
also features 
a sector 
erase architecture. 


The sector mode allows each sector to be erased and 
reprogrammed 
without 
affecting 
other sectors. 


The device features single 5.0 V power supply operation 
for both read and write functions. 
Internally 
generated 


and regulated 
voltages 
are provided 
for the program 


and erase operations. 
A low Vcc detector automatically 


inhibits write operations 
on the loss of power. The end of 


program or erase is detected by Data Polli!:!2..0fDO?, by 


:~: b~~g~~ ~it;~oa~~~~o~r ~~:~~rc~c~e R~~~~~~n~ ~~~~ 
pleted, the device internally 
resets to the read mode. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and E2pROM experience 
to produce the highest levels 


of 
quality, 
reliability· 
and 
cost 
effectiveness. 
The 


Am29F1 00 memory electrically 
erases the entire chip or 


all 
bits 
within 
a 
sector 
simultaneously 
via 
Fowler- 


Nordhiem 
tunneling. 
The byteslwords 
are programmed 


one byte/word 
at a time using the EPROM programming 


mechanism 
of hot electron injection. 


16 Kbyte 


8 Kbyte 


8 Kbyte 


32 Kbyte 


64 Kbyte 


1FFFFh 


1BFFFh 


64 Kbyte 


32 Kbyte 


8 Kbyte 


8 Kbyte 


16 Kbyte 


03FFFh 


OOOOOh 


A 


STB 
d 
d 
r 
e 
s 
s 
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CONNECTION DIAGRAMS 


NC 
RESET 


RY/BY 
WE 


NC 
AS 


A7 
A9 


A6 
Al0 


A5 
All 


A4 
A12 


A3 
A13 


A2 
A14 
Al 
A15 


AO 
NC 


CE 
BYTE 


Vss 
Vss 


OE 
D015/A-l 


000 
007 


008 
0014 


001 
006 


009 
0013 


002 
005 


0010 
0012 


003 
004 


0011 
Vcc 


18926A-4 


NC 
BYTE 
Vss 
D015/A-1 
DO? 
D014 
D06 
D013 
DOS 
D012 
D04 
Vcc 
D011 
D03 
D010 
D02 
D09 
D01 
D08 
DOO 
OE 
Vss 
CE 
AO 


A15 
A14 
A13 
A12 
A11 
A10 
A9 
A8 
NC 
NC 
WE 
RESET 
NC 
NC 
RY/BY 


NC 
NC 
A7 
A6 
AS 
A4 


A3 
A2 
A1 


10 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


NC 
1 "V 
48 
A15 
BYTE 
2 
47 
A14 
Vss 
3 
46 
A13 
D015/A-1 
4 
45 
A12 
D07 
5 
44 
A11 
D014 
6 
43 
A10 
D06 
7 
42 
A9 
D013 
8 
41 
A8 
DOS 
9 
40 
NC 
D012 
10 
39 
NC 
D04 
11 
38 
WE 
Vcc 
12 
37 
RESET 
D011 
13 
36 
NC 
D03 
14 
35 
NC 
D010 
15 
34 
RY/BY 
D02 
16 
33 
NC 
D09 
17 
32 
NC 
D01 
18 
31 
A7 
D08 
19 
30 
A6 
DOO 
20 
29 
AS 
OE 
21 
28 
A4 
Vss 
22 
27 
A3 
CE 
23 
26 
A2 
AO 
24 
25 
A1 


Reverse TSOP 
18926A-6 


CE (E) 


OE(G) 


WE(W) 


RY/BY 


RESET 


BYTE 


Pin 
Function 


A-1, AG-A15 
Address 
Inputs 


000-0015 
Data 
Input/Output 


CE 
Chip Enable 


OE 
Output 
Enable 


WE 
Write 
Enable 


RY/BY 
Ready-Busy 
Input 


RESET 
Hardware 
Reset 
Pin/Seelor 
Protect 
Unlock 


BYTE 
Selects 
8-bit or 16-bit mode 


NC 
No Internal 
Connection 


Vss 
Device 
Ground 


Vcc 
Device 
Power 
Supply 
(5.0 V ± 10% or ± 5%) 


- 
Am29F200T/ Am29F200B 
2 Megabit (262,144 x 8-Bit/131 ,072 x 16-Bit) CMOS 5.0 Volt-only, 
Sector Erase Flash Memory 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
5.0 V ± 10% write 
and erase, 
read 


- 
Minimizes 
system level power requirements 


• 
Compatible 
with JEDEC-standard 
commands 


- 
Uses same software commands 
as PPROMs 


• 
Compatible 
with JEDEC-standard 
word-wide 


pinouts 


- 
44-pinSO 
- 
48-pin TSOP 
• 
Minimum 
100,000 write/erase 
cycles 


• 
High performance 
- 
70 ns maximum 
access time 


• 
Sector 
erase architecture 
- 
Three 64 Kbytes, one 32 Kbyte, one 16 Kbyte 
and t1l'/08 Kbytes 


- 
Any combination 
of sectors can be concurrently 
erased. Also supports full chip erase. 


• 
Embedded 
Erase Algorithms 


- 
Automatically 
pre-programs 
and erases the 
chip or any sector 


• 
Embedded 
Program 
Algorithms 


- 
Automatically 
writes and verifies data at 


specified 
address 
• 
Data Polling 
and Toggle 
Bit feature 
for detec- 


tion of program 
or erase cycle 
completion 


• 
Low power 
consumption 
- 
20 mA typical active read current for Byte Mode 


- 
28 mA typical active read current for Word 
Mode 
- 
30 mA typical write/erase 
current 


- 
25 lJA typical standby current 


• 
Low Vcc write 
inhibit 
$; 3.2 V 


• 
Sector 
protection 
- 
Hardware 
method disables 
any combination 
of 


sectors from write or erase operations 


• 
Erase Suspend/Resume 
- 
Suspends 
the erase operation 
to allow a read in 


another sector within the same device 


• 
Boot Code Sector 
Architecture 


- 
T = Top sector 
- 
B = Bottom sector 


GENERAL DESCRIPTION 


The Am29F200 
is a 2 Mbit, 5.0 V-only Flash memory or- 


ganized 
as 256K bytes of 8 bits each or 128K words of 


16 bits each. The Am29F200 
is offered 
in 44-pin 
SO 


and 48-pin 
TSOP 
packages. 
This device 
is designed 


to be programmed 
in-system 
with 
the standard 
sys- 


tem 5.0 V Vcc supply. 
A 12.0 V Vpp is not required for 


write or erase 
operations. 
The 
device 
can 
also 
be 
reprogrammed 
in standard 
EPROM programmers. 
The 
Am29F200 
is erased when shipped from the factory. 


The standard 
Am29F200 
offers access times between 


70 ns and 
150 ns, allowing 
operation 
of high-speed 


microprocessors 
without 
wait states. To eliminate 
bus 


contention 
the device 
has separate 
chip enable 
(CE), 


write enable (WE) and output enable (OE) controls. 


The Am29F200 
is pin and command 
set compatible 
with 


JEDEC standard 2 Mbit E2pROMs. Commands 
are writ- 


ten to the command 
register 
using standard 
micropro- 


cessor write timings. 
Register contents serve as input to 


an internal state-machine 
which controls the erase and 


programming 
circuitry. Write cycles also internally latch 


addresses 
and data needed for the programming 
and 
erase operations. 
Reading data out of the device is simi· 


lar to reading from 12.0 V Flash or EPROM devices. 


Family 
Part No: 
Am29F200 


Ordering 
Part No: 
Vcc = 5.0 V ± 5% 
-75 


Vcc = 5.0 V ± 10% 
-90 
-120 
-150 


Max Access 
Time 
(ns) 
70 
90 
120 
150 


OE (E) Access 
(ns) 
70 
90 
120 
150 


OE (G) Access 
(ns) 
30 
35 
50 
55 
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The Am29F200 
is programmed 
by executing 
the pro- 


gram command 
sequence. 
This will invoke the Embed- 


ded Program 
Algorithm 
which 
is an internal 
algorithm 


that automatically 
times the program 
pulse widths 
and 


verifies proper cell margin. Typically, each sector can be 
programmed 
and 
verified 
in less 
than 
one 
second. 
Erase 
is accomplished 
by executing 
the erase 
com- 
mand sequence. 
This will invoke the Embedded 
Erase 
Alg6rithm 
which 
is an internal 
algorithm 
that automati- 


cally 
preprograms 
the 
array 
if it is not already 
pro- 
grammed 
before executing 
the erase operation. 
During 


erase, the device 
automatically 
times the erase pulse 
widths and verifies 
proper cell margin. 


The 
entire 
chip 
or any 
individual 
sector 
is typically 
era~ed and verified in 1.5 seconds (if already completely 
preprogrammed) 
. 


This device 
also features 
a sector erase architecture. 
The sector mode allows each sector to be erased and 
reprogrammed 
without 
affecting 
other sectors. 


The device features single 5.0 V power supply operation 
for both read and write functions. 
Internally 
generated 
and Iregulated 
voltages 
are provided 
for the program 


and erase operations. 
A low Vcc detector automatically 
inhibits write operations 
on the loss of power. The end of 
program or erase is detected by Data Polling of DO?, by 
the Toggle Bit feature on D06, or the RY/BY pin. Once 
the end of a program 
or erase 
cycle 
has been com- 
pleted, the device internally 
resets to the read mode. 
I 


AMD's 
Flash technology 
combines 
years 
of EPROM 
and E2pROM experience 
to produce the highest levels 
of 
quality, 
reliability 
and 
cost 
effectiveness. 
The 
Am29F200 
memory electrically 
erases the entire chip or 
all 
bits 
within 
a 
sector 
simultaneously 
via 
Fowler- 
Nordheim 
tunneling. 
The bytes/words 
are programmed 


one \lyte/word 
at a time using the EPROM programming 
mechanism 
of hot electron 
injection. 
Flexible Sector-Erase Architecture 


• 
Three 64 Kbytes, one 32 Kbyte, one 16 Kbyte, and 
two 8 Kbytes 


• 
Individual-sector, 
multiple-sector, 
or bulk-erase 
capability 


• 
Individual 
or multiple-sector 
protection 
is user- 


definable 


16 Kbyte 


8 Kbyte 


8 Kbyte 


32 Kbyte 


64 Kbyte 


64 Kbyle 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


32 Kbyte 


8 Kbyte 


8 Kbyte 


16 Kbyte 


3FFFFh 


3BFFFh 


39FFFh 


37FFFh 


2FFFFh 


1FFFFh 


OFFFFh 


OOOOOh 


18608A-l 


3FFFFh 


2FFFFh 


1FFFFh 


OFFFFh 


07FFFh 


05FFFh 


03FFFh 


OOOOOh 


18608A-2 
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CONNECTION DIAGRAMS 


PRELIMINARY 


SO 


NC 
RESET 


RY/BY 
WE 


NC 
AS 


A7 
A9 


A6 
A10 


AS 
An 


A4 
A12 


A3 
A13 


A2 
A14 
A1 
A1S 


AD 
A16 


CE 
BYTE 


Vss 
Vss 


OE 
D01S/A-1 
DOO 
D07 


DOB 
D014 


D01 
D06 


D09 
D013 


D02 
DOS 


D010 
D012 
D03 
D04 
D011 
Vcc 


1B608A-4 


A15 
10 
48 
A16 
A14 
2 
47 
BYTE 
A13 
3 
46 
Vss 


A12 
4 
45 
D015/A-1 
A11 
5 
44 
D07 
A10 
6 
43 
D014 
A9 
7 
42 
D06 
A8 
8 
41 
D013 
NC 
9 
40 
D05 
NC 
10 
39 
D012 
WE 
11 
38 
D04 


RESET 
12 
37 
Vcc 


NC 
13 
36 
D011 
NC 
14 
35 
D03 
RY/BY 
15 
34 
D010 
NC 
16 
33 
D02 
NC 
17 
32 
D09 
A7 
18 
31 
D01 
A6 
19 
30 
D08 
A5 
20 
29 
DOO 
A4 
21 
28 
OE 
A3 
22 
27 
Vss 


A2 
23 
26 
CE 
A1 
24 
25 
AD 


Standard 
TSOP 
18608A-5 


A16 
1 'V 
48 
A15 
BYTE 
2 
47 
A14 


Vss 
3 
46 
A13 
D015/A-1 
4 
45 
A12 
D07 
5 
44 
A11 
D014 
6 
43 
A10 


D06 
7 
42 
A9 
D013 
8 
41 
A8 


D05 
9 
40 
NC 


D012 
10 
39 
NC 
D04 
11 
38 
WE 
Vcc 
12 
37 
RESET 
D011 
13 
36 
NC 
D03 
14 
35 
NC 
D010 
15 
34 
RY/BY 
D02 
16 
33 
NC 
D09 
17 
32 
NC 
D01 
18 
31 
A7 


D08 
19 
30 
A6 
DOO 
20 
29 
A5 
OE 
21 
28 
A4 
Vss 
22 
27 
A3 
CE 
23 
26 
A2 
AO 
24 
25 
A1 


Reverse TSOP 
18608A-6 
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LOGIC SYMBOL 


CE (E) 


OE(G) 


WE(W) 


RY/BY 


RESET 


BYTE 


Pin 
Function 


A-1. Ao-A16 
Address 
Inputs 


DQo-DQ15 
Data 
Input/Output 


CE 
Chip Enable 


OE 
Output 
Enable 


WE 
Write 
Enable 


RY/BY 
Ready-Busy 
Input 


RESET 
Hardware 
Reset 
Pin/Sector 
Protect 
Unlock 


BYTE 
Selects 
8-bit or 16-bit mode 


NC 
No Internal 
Connection 


Vss 
Device 
Ground 


Vcc 
Device 
Power 
Supply 
(5.0 V ± 10% or ± 5%) 


ORDERING INFORMATION 
Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 
formed 
by a combination 
of: 


C 
BL 
TEMPERATURE 
RANGE 
C = Commercial 
(O°C to +70°C) 


I 
= Industrial 
(-40°C 
to +85°C) 


E = Extended 
(-55°C 
to + 125°C) 


OPTIONAL 
PROCESSING 
Blank 
= Standard 
Processing 


B = Burn-In 


PACKAGE 
TYPE 
E = 48-Pin 
Thin Small 
Outline 
Package 


(TSOP) 
Standard 
Pinout 
(TS 048) 


F = 48-Pin 
Thin Small 
Outline 
Package 
(TSOP) 
Reverse 
Pinout 
(TSR 048) 


S = 44-Pin 
Small 
Outline 
Package, 
(SO 044) 


SPEED 
OPTION 
See Product 
Selector 
Guide 
and 
Valid 
Combinations 


BOOT 
CODE 
SECTOR 
ARCHITECTURE 


T = Top sector 
B = Bottom 
sector 
DEVICE 
NUMBER/DESCRIPTION 
Am29F200 
2 Megabit 
(256K 
x 8-Bit or 128K x 16-Blt) 
CMOS 
Flash Memory 


5.0 V-only 
Program 
and Erase 


Valid 
Combinations 


Am29F200T/B-75 
EC, FC, SC 


Am29F200T/B-90 
EC, EI, FC, FI, EE, 


Am29F200TlB-120 
EEB, 
FE, FEB, SC, 


Am29F200T/B-150 
SI, SE, SEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to be 


supported 
in volume 
for this device. 
Consult 
the lo- 
cal AMD sales office to confirm 
availability 
of specific 
valid combinations 
and to check 
on newly 
released 
combinations. 


Operation 
CE 
OE 
WE 
AO 
A1 
A6 
A9 
000-0015 
RESET 


Auto-Select 
Manufacturer 
Code 
(1) 
L 
L 
H 
L 
L 
L 
VIO 
Code 
H 


Auto-Select 
Device 
Code 
(1) 
L 
L 
H 
H 
L 
L 
VIO 
Code 
H 


Read 
(3) 
L 
L 
H 
AO 
A1 
A6 
A9 
Dour 
H 


Standby 
H 
X 
X 
X 
X 
X 
X 
HIGHZ 
H 


Output 
Disable 
L 
H 
H 
X 
X 
X 
X 
HIGHZ 
X 


Write 
L 
H 
L 
AO 
A1 
A6 
A9 
DIN 
H 


Enable 
Sector 
Protect 
L 
VIO 
L 
X 
X 
X 
VIO 
X 
H 


Verify 
Sector 
Protect 
(2) 
L 
L 
H 
L 
H 
L 
VIO 
Code 
H 


Temporary 
Sector 
Unprotect 
X 
X 
X 
X 
X 
X 
X 
X 
VID 


Reset 
(Hardware) 
X 
X 
X 
X 
X 
X 
X 
HIGHZ 
L 


Operation 
CE 
OE 
WE 
AO 
A1 
A6 
A9 
OQO-007 
RESET 


Auto-Select 
Manufacturer 
Code 
(1) 
L 
L 
H 
L 
L 
L 
VIO 
Code 
H 


Auto-Select 
Device 
Code 
(1) 
L 
L 
H 
H 
L 
L 
VIO 
Code 
H 


Read 
(3) 
L 
L 
H 
AO 
A1 
A6 
A9 
Dour 
H 


Standby 
H 
X 
X 
X 
X 
X 
X 
HIGHZ 
H 


Output 
Disable 
L 
H 
H 
X 
X 
X 
X 
HIGHZ 
X 


Write 
L 
H 
L 
AO 
A1 
A6 
A9 
DIN 
H 


Enable 
Sector 
Protect 
L 
VIO 
L 
X 
X 
X 
VIO 
X 
H 


Verify 
Sector 
Protect 
(2) 
L 
L 
H 
L 
H 
L 
VIO 
Code 
H 


Temporary 
Sector 
Unprotect 
X 
X 
X 
X 
X 
X 
X 
X 
VIO 


Reset 
(Hardware) 
X 
X 
X 
X 
X 
X 
X 
HIGHZ 
L 


Legend: 


L = V,L. H = VIH, X = Don't 
Care. See DC Characteristics 
for voltage 
levels. 


Notes: 


1. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 
7. 


2. 
Refer 
to the section 
on Sector 
Protection. 


3. 
WE can be V,L if OE is V,L, OE at V,H initiates 
the write operations. 


Read Mode 


The Am29F200 
has two control functions which must be 
satisfied in order to obtain data at the outputs. 
CE is the 
power control and should be used for device selection. 
OE is the output control and should be used to gate data 
to the output pins if a device is selected. 


Address 
access time (tACC)is equal to the delay from 


stable addresses 
to valid output data. The chip enable 


access time (teE) is the delay from stable addresses 
and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming 
the addresses 


have been stable for at least lAcc-toE time). 


AMD~ 


Standby Mode 


The 
Am29F200 
has two 
standby 
modes, 
a CMOS 


standby 
mode (CE input held at Vcc ± 0.5 V), when the 


current 
consumed 
is less than 
100 J.lA; and 
a TIL 


standby 
mode (CE is held at VIH) when the current 
re- 


quired is reduced to approximately 
1 mA. In the standby 
mode the outputs 
are in a high impedance 
state, inde- 
pendent 
of the OE input. 


If the device 
is deselected 
during erasure or program- 
ming, the device will draw active current until the opera- 
tion is completed. 
Output Disable 


With the OE input at a logic high level (VIH), output from 
the device is disabled. 
This will cause the output pins to 


be in a high impedance 
state. 


Autoselect 


The autoselect 
mode allows the reading out of a binary 
code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment 
for the purpose 
of automatically 
matching 
the device 
to be programmed 
with its corresponding 


programming 
algorithm. 
This mode is functional 
over 


the entire temperature 
range of the device. 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VID(11.5 V to 12.5 V) on address pin A9. Two 
identifier bytes may then be sequenced 
from the device 


outputs 
by toggling 
address 
AO from VIL to VIH. All ad- 


dresses 
are don't cares except AO, A1, and A6. 


The manufacturer 
and device codes may also be read 
via 
the 
command 
register, 
for 
instances 
when 
the 


Am29F200 
is erased or programmed 
in a system with- 


out access to high voltage on the A9 pin. The command 
sequence 
is illustrated 
in Table 7 (refer to Autoselect 
Command 
section). 


Byte 0 (AO = VIL) represents 
the manufacturer's 
code 
(AMD=01 H) and byte 1 (AO = VIH) the device 
identifier 
code (Am29F200T 
= 51 Hand Am29F200B 
= 52H for x8 


mode; Am29F200T 
= 2251 H arid Am29F200B 
= 2252H 
for x16 mode). These two bytes/words 
are given in the 
table below. All identifiers 
for manufacturer 
and device 
will exhibit odd parity with the D07 defined as the parity 
bit. In order to read the proper device codes when exe- 
cuting the autoselect, 
A1 must be VIL (see Tables 
4.1 
and 4.2). 


Type 
A12-A16 
A6 
A1 
AO 
Code 
(HEX) 


Manufacturer's Code 
X 
VIL 
VIL 
VIL 
01H 


Am29F200T ~ 
51H 
Am29F200 
X 
VIL 
VIL 
VIH 
Word 
2251H 
Device 
Code 
Am29F200B ~ 
52H 
X 
VIL 
VIL 
VIH 
Word 
2252H 


Sector Protection 
Sector 
VIL 
VIH 
VIL 
01W 
Addresses 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Type 
Code 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


Manufacturer's Code 
01H 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


Am29F200 
Am29F200T(B) 
51H 
A-l 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
0 
1 
0 
1 
0 
0 
0 
1 


Device 
(W 
2251H 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
0 
1 


Code 
Am29F200B(B) 
52H 
A-1 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
HI-Z 
0 
1 
0 
1 
0 
0 
1 
0 


(W) 
2252H 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
0 
1 
0 


Sector Protection 
01H 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


(B) - Byte mode 


(W) - 
Word mode 


~ 
AMD 
PRELIMINARY 


Table 5. Sector 
Address 
Tables 
(Am29F200T) 


A16 
A15 
A14 
A13 
A12 
Address Range 


SAO 
a 
a 
x 
X 
X 
OOOOOh-oFFFFh 


SA1 
a 
1 
X 
X 
X 
10000h-1FFFFh 


SA2 
1 
a 
X 
X 
X 
20000h-2FFFFh 


SA3 
1 
1 
a 
X 
X 
30000h-37FFFh 


SM 
1 
1 
1 
a 
a 
38000h-39FFFh 


SA5 
1 
1 
1 
a 
1 
3AOOOh-3BFFFh 


SA6 
1 
1 
1 
1 
X 
3COOOh-3FFFFh 


A16 
A15 
A14 
A13 
A12 
Address Range 


SAO 
0 
a 
a 
a 
X 
OOOOOh-a3FFFh 


SA1 
a 
a 
a 
1 
0 
04000h-05FFFh 


SA2 
a 
a 
a 
1 
1 
06000h-07FFFh 


SA3 
a 
a 
1 
X 
X 
08000h-oFFFFh 


SM 
a 
1 
X 
X 
X 
10000h-1FFFFh 


SA5 
1 
a 
X 
X 
X 
20000h-2FFFFh 


SA6 
1 
1 
X 
X 
X 
30000h-3FFFFh 


wriie 


Device erasure and programming 
are accomplished 
via 
the command 
register. 
The 
contents 
of the 
register 
serve as inputs to the internal state machine. 
The state 
machine 
outputs dictate the function 
of the device. 


The command 
register 
itself does not occupy 
any ad- 
dressable 
memory location. The register is a latch used 


to store the commands, 
along with the address and data 
information 
needed to execute the command. 
The com- 
mand register 
is written to by bringing WE to VIL, while 
CE is at VIL and OE is at VIH. Addresses 
are latched on 
the falling edge of WE or CE, whichever 
happens 
later; 


while data is latched 
on the rising edge of WE or CE, 


whichever 
happens first. Standard microprocessor 
write 
timings 
are used. 


Refe~ to AC Write Characteristics 
and the Erase/Pro- 
gramming 
Waveforms 
for specific timing parameters. 


Sector Protection 


The Am29F200 
features 
hardware 
sector 
protection. 
This feature will disable both program and erase opera- 
tions in any number of sectors (0 through 6). The sector 
protect 
feature 
is enabled 
using programming 
equip- 
ment at the user's 
site. The device 
is shipped 
with all 
sectors 
unprotected. 
Alternatively, 
AMD may program 


and protect sectors 
in the factory 
prior to shipping 
the 


device (AM D's ExpressFlash™ 
Service). 


To activate 
this 
mode, 
the 
programming 
equipment 


must force 
VIO on address 
pin A9 and control 
pin OE, 
(suggest 
VIO = 11.5 
V) 
and CE = VIL. 
The sector 
ad- 


dresses (A 16, A 15, A 14, A 13, and A 12) should be set to 
the sector to be protected. 
Tables 
5 and 6 define the 
sector address for each of the seven (7) individual 
sec- 
tors. Programming 
of the protection 
circuitry 
begins on 


the falling edge of the WE pulse and is terminated 
with 


the rising edge of the same. Sector addresses 
must be 


held constant 
during the WE pulse. Refer to figures 
17 
and 18 for sector protect algorithm 
and waveforms. 


To verify programming 
of the protection 
circuitry, 
the 


programming 
equipment 
must force VIO on address pin 


A9 with CE and OE at VIL and WE at VIH. Scanning 
the 
sector addresses 
(A 16, A 15, A 14, A 13, and A 12) while 
(A6, A 1, AD) = (0, 1, 0) will produce a logical "1" code at 
device output DOO for a protected 
sector. Otherwise the 


device 
will produce 
OOH for an unprotected 
sector. 


In this mode, the lower order addresses, 
except for AO, 


A1, and A6 are don't care. Address 
locations with A1 = 


VIL are reserved for Autoselect 
manufacturer 
and device 
codes. 


It is also possible to determine 
if a sector is protected 
in 


the system by writing an Autoselect 
command. 
Pertorm- 


ing a read operation 
at the address 
location 
XX02H, 
where the higher order addresses 
(A16, A15, A14, A13, 
and A12) are the sector address will produce 
a logical 


"1" at DOOfor a protected 
sector. See Tables4.1 
and 4.2 


for Autoselect 
codes. 
Temporary 
Sector Unprotect 


This feature 
allows 
temporary 
unprotection 
of previ- 
ously protected 
sectors of the Am29F200 
device in or- 
der to change 
data. 
The 
Sector 
Unprotect 
mode 
is 


activated 
by setting 
the 
RESET 
pin to high voltage 


(12V). 
During 
this 
mode, 
formerly 
protected 
sectors 


can be programmed 
or erased 
by selecting 
the sector 


addresses. 
Once 
the 
12V 
is taken 
away 
from 
the 


RESET pin, all the previously 
protected 
sectors will be 


protected 
again. 
Sector Unprotect 


The Am29F200 
also features 
a sector unprotect 
mode, 
so that a protected 
sector may be unprotected 
to incor- 


porate any changes 
in the code. All sectors should be 
protected 
prior to unprotecting 
any sector. 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VID on control 
pin OE and address 
pin A9. 


Table 7. Am29F200 
Command 
Definitions 


The CE and AO pins must be set at VIL. Pins A6 and A 1 
must be set to VIH. Refer to Figure 19 for the sector un- 
protect algorithm. 
The unprotection 
mechanism 
begins 


on the falling edge of the WE pulse and is terminated 
with the rising edge of the same. 


It is also possible to determine 
if a sector is unprotected 
in the system by writing the autoselect 
command 
and A6 


is set at VIL. Pertorming 
a read operation 
at address 
lo- 


cation XXX2H, where the higher order addresses 
(A 16, 


A15, A14, A13, and A12) define a particular 
sector ad- 


dress, will produce OOHat data outputs (000-007) 
for 


an unprotected 
sector. 


Command 
Definitions 


Device operations 
are selected 
by writing 
specific 
ad- 


dress and data sequences 
into the command 
register. 


Writing 
incorrect 
address 
and data values 
or writing 


them In the improper 
sequence 
will reset the device 


to the 
read 
mode. 
Table 
7 defines 
the valid register 


command 
sequences. 
Note that the 
Erase 
Suspend 
(BO) and Erase Resume 
(30) commands 
are valid only 


while the Sector Erase operation 
is in progress. 
Either of 


the two reset commands 
will reset the device (when ap- 


plicable). 
Please note that commands 
are always writ- 


ten at 000-007 
and 008-0015 
bits are ignored. 


Bus 
Fourth 
Bus 
Fifth Bus 
Sixth Bus 
First Bus 
Second 
Bus 
Third Bus 
ReadlWrite 
Command 
Write 
Write Cycle 
Write Cycle 
Write Cycle 
Cycle 
Write Cycle 
Write Cycle 
Sequence 
Cycles 
Read/Reset 
Req'd 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 


Read/Reset 
1 
XXXH 
FOH 


Read/Reset 
Word 
4 
5555H 
AAH ~ 
55H ~ 
FOH 
RA 
RD 
- 
- 
Byte 
AAAAH 
5555H 
AAAAH 


Autoselect 
~ 
4 
5555H 
AAH 2AAAH 
55H 
5555H 
90H 
- 
- 
- 
Byte 
AAAAH 
5555H 
AAAAH 


Program 
Word 
4 
5555H 
AAH 
~ 


55H 
~ 


AOH 
PA 
Data 
- 
AAAAH 
Byte 


Chip Erase 
~ 
6 
~ 
AAH ~ 
55H ~ 
80H 
5555H 
AAH 


~ 


55H 
5555H 
10H 


Byte 
AAAAH 
5555H 
AAAAH 
AAAAH 
IAAAAH 


Sector Erase 
Word 
6 
5555H 
AAH 2AAAH 
55H 
5555H 
80H 
5555H 
AAH 
~ 
55H 
SA 
30H 
f--- 
- 
- 
- 
Byte 
AAAAH 
5555H 
AAAAH 
AAAAH 
5555H 


Sector Erase Suspend 
Erase can be suspended during sector erase with Addr (don't care), Data (BOH) 


Sector Erase Resume 
Erase can be resumed after suspend with Addr (don't care), Data (30H) 


Notes: 


1. 
Address 
bit A 15 = X = Don't 
Care for all address 
commands 
except 
for Program 
Address 
(PA) and Sector 
Address 
(SA) 
Write Sequences 
may be initiated 
with A 15 in either state. 


2. 
Address 
bits A 16 = X = Don't 
Care for all address 
commands 
except 
for Program 
Address 
(PA) and Sector 
Address 
(SA). 


3. 
Bus operations 
are defined 
in Table 2. 


4. 
RA = Address 
of the memory 
location 
to be read. 
PA = Address 
of the memory 
location 
to be programmed. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 


SA = Address 
of the sector 
to be erased. 
The combination 
of A 16, A 15, A 14, A 13, and A 12 will uniquely 
select 
any sector. 


5. 
RD = Data read from location 
RA during 
read operation. 


PO = Data to be programmed 
at location 
PA. Data is latched 
on the falling 
edge of WE. 


6. 
The system 
should 
generate 
the following 
address 
patterns: 
Word Mode: 
5555H 
or 2AAAH 
to addresses 
AO - A 14 
Byte Mode: 
AAAAH 
or 5555H 
to addresses 
A-I - A 14. 


~ 
AMD 


Read/Reset Command 


The read or reset operation 
is initiated 
by writing 
the 
read/reset 
command 
sequence 
into the command 
reg- 
ister. 
Microprocessor 
read cycles 
retrieve 
array data 


from the memory. The device remains enabled for reads 
until the command 
register contents 
are altered. 


The device will automatically 
power-up 
in the read/reset 


state. In this case, a command 
sequence 
is not required 


to read data. Standard 
microprocessor 
read cycles will 


retrieve 
array data. This default 
value ensures that no 


spurious alteration of the memory content occurs during 
the power transition. 
Refer to the AC Read Characteris- 


tics and Waveforms 
for the specific timing parameters. 
Autoselect Command 


Flash 
memories 
are intended 
for use in applications 


where the local CPU alters memory contents. 
As such, 
manufacture 
and 
device 
codes 
must 
be accessible 


while the device 
resides 
in the target 
system. 
PROM 


programmers 
typically 
access the signature 
codes by 


raising A9 to a high voltage. However, 
multiplexing 
high 


voltage 
onto the address 
lines is not generally 
desired 


system design practice. 


The device contains 
an autoselect 
command 
operation 


to supplement 
traditional 
PROM programming 
method- 


ology. 
The 
operation 
is 
initiated 
by 
writing 
the 
autoselect 
command 
sequence 
into 
the 
command 


register. 
Following 
the command 
write, 
a read cycle 


fromtaddress 
XXOOH retrieves the manufacture 
code of 


01 H. A read cycle 
from 
address 
XX01 H returns 
the 
device 
code 
(Am29F200T 
= 51 Hand 
Am29F200B 
= 


52H 
for 
x8 
mode; 
Am29F200T 
= 
2251 Hand 


Am29F200B 
= 2252H 
for x16 mode) (see Tables 4.1 


and 4.2). 


All mjlnufacturer 
and device codes will exhibit odd parity 


with DO? defined 
as the parity bit. 


Scanning 
the sector 
addresses 
(A16, A15, A14, A13, 


and A 12) while (A6, A 1, AO) = (0, 1, 0) will produce 
a 


logical "1" at device output DOO for a protected 
sector. 


To terminate 
the operation, 
it is necessary 
to write the 
read/reset 
command 
sequence 
into the register. 
BytJ/word Programming 


The 
device 
is 
programmed 
on 
a 
byte-by-byte 
(or 


word-by-word) 
basis. Programming 
is a four bus cycle 


operation. 
There are two "unlock" 
write cycles. These 


are followed 
by the program 
set-up command 
and data 
write cycles. Addresses 
are latched on the falling edge 
of C~ or WE, whichever 
happens 
later and the data is 


latched 
on the 
rising 
edge 
of CE or WE, whichever 


happens first. The rising edge of CE or WE (whichever 
happens first) begins programming. 
Upon executing the 
Embedded 
Program Algorithm 
command 
sequence the 


system 
is not required 
to provide 
further 
controls 
or 


timings. The device will automatically 
provide adequate 


internally 
generated 
program 
pulses 
and 
verify 
the 
programmed 
cell margin. 


The 
automatic 
programming 
operation 
is completed 


when the data on DO? is equivalent 
to data written to 


this bit (see Write Operation 
Status 
section) 
at which 
time the device returns to the read mode and addresses 
are no longer 
latched. 
Therefore, 
the device 
requires 
that a valid address to the device be supplied by the sys- 
tem at this particular instance of time. Hence, Data Poll- 
ing must be performed 
at the memory 
location which is 
being programmed. 


Any commands 
written to the chip during this period will 
be ignored. 


Programming 
is allowed 
in any sequence 
and across 
sector 
boundaries. 
Beware 
that a data "0" cannot 
be 


programmed 
back to a "1". Attempting 
to do so may 


either hang up the device or result in an apparent 
suc- 


cess according 
to the data polling algorithm 
but a read 
from reset/read 
mode will show that the data is still "0". 


Only erase operations 
can convert "O"s to "1"s. 


Figure 
1 
illustrates 
the 
Embedded 
Programming 
Algorithm 
using 
typical 
command 
strings 
and 
bus 
operations. 
Chip Erase 


Chip erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 


then followed 
by the chip erase command. 


Chip erase does not require the user to program the de- 
vice 
prior 
to erase. 
Upon 
executing 
the 
Embedded 
Erase™ Algorithm command 
sequence the device auto- 


matically will program 
and verify the entire memory for 


an all zero data pattern prior to electrical erase. The sys- 
tem is not required 
to provide 
any controls 
or timings 
during these operations. 


The automatic erase begins on the rising edge of the last 
WE pulse in the command 
sequence 
and terminates 


when the data on DO? is "1" (see Write Operation 
Status 
section) 
at which 
time 
the 
device 
returns 
to 
read 
the mode. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 
Sector Erase 


Sector erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 


then followed by the sector erase command. 
The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(30H) is latched on the rising edge of WE. A time-out of 
80 J.lSfrom the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). 


Multiple sectors may be erased concurrently 
by writing 


the six bus cycle operations 
as described 
above. This 


sequence 
is followed 
with writes 
of the Sector 
Erase 
command 
to addresses 
in other sectors desired 
to be 


concurrently 
erased. The time between 
writes must be 


less than 80 J.ls,otherwise 
that command 
will not be ac- 


cepted 
and erasure 
will start. It is recommended 
that 


processor 
interrupts 
be disabled 
during 
this 
time to 
guarantee 
this 
condition. 
The 
interrupts 
can 
be 


re-enabled 
after the last Sector Erase command 
is writ- 
ten. A time-out 
of 80 lJ.S from the rising edge of the last 
WE will initiate the execution 
of the Sector Erase com- 
mand(s). 
If another falling edge of the WE occurs within 


the 80 lJ.S time-out 
window 
the timer is reset. (Monitor 


D03 to determine 
if the sector erase timer window is still 


open, see section D03, Sector Erase Timer.) Any com- 
mand other than Sector Erase or Erase Suspend during 
this 
period 
will 
reset 
the 
device 
to the 
read 
mode, 


ignoring the previous command 
string. Resettingthe 
de- 


vice once execution 
has begun will corrupt the data in 


that sector. In that case, restart the erase on those sec- 
tors and allow them to complete. 
(Refer to the Write Op- 
eration 
Status 
section 
for 
Sector 
Erase 
Timer 


operation.) 
Loading the sector erase buffer may be done 


in any sequence 
and with any number of sectors (0 to 6). 


Sector erase does not require the user to program the 
device 
prior to erase. 
The device 
automatically 
pro- 
grams all memory locations in the sector(s) to be erased 
prior to electrical 
erase. When erasing a sector or sec- 


tors the remaining 
unselected 
sectors are not affected. 


The system 
is not required 
to provide 
any controls 
or 


timings during these operations. 


The automatic 
sector erase b~s 
after the 80 lJ.S time 


out from the rising edge of the WE pu Ise for the last sec- 
tor erase command 
pulse and terminates 
when the data 


on D07 
is "1" (see Write Operation 
Status section) 
at 


which time the device 
returns to the read mode. Data 


Polling must be performed 
at an address within any of 


the sectors being erased. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 
Erase Suspend 


Erase Suspend 
command 
allows the user to interrupt 


the chip and then perform data reads (not program) from 
a non-busy 
sector 
during 
a Sector 
Erase 
operation 


(which may take up to several seconds). This command 
is applicable 
ONLY during the Sector 
Erase operation 


and will be ignored 
if written 
during the Chip Erase or 


Programming 
operation. 
The Erase Suspend command 


(SOH) which is allowed only during the Sector Erase Op- 
eration 
includes the sector erase time-out 
period after 


the 
Sector 
Erase 
commands 
(30H). 
Writing 
this 


command 
during the time-out 
will result in immediate 


termination 
of the 
time-out 
period. 
Any 
subsequent 


writes of the Sector Erase command 
will be ignored as 


such, but instead will be taken 
as the Erase Resume 


command. 
Note that any other commands 
during the 


time out will reset the device 
to read mode. 
The ad- 


dresses 
are don't-cares 
when writing 
the erase 
Sus- 


pend or Erase Resume commands. 


When the Erase Suspend command 
is written during a 


Sector 
Erase 
operation, 
the 
chip 
will 
take 
between 


0.1 lJ.S to 15 lJ.S to suspend the erase operation 
and go 
into erase suspended 
read mode (pseudo-read 
mode), 


during which the user can read from a sector that is NOT 
being erased. A read from a sector being erased may re- 
sult in invalid data. The user must monitor the toggle bit 
(D06) to determine 
if the chip has entered the pseudo- 


read mode. at which time the toggle 
bit stops toggling. 


An address of a sector NOT being erased must be used 
to read the toggle bit. otherwise 
the user may encounter 


intermittent 
problems. 
Note that the user 
must 
keep 


track of what state the chip is in since there is no external 
indication of whether the chip is in pseudo-read 
mode or 


actual read mode. After the user writes the Erase Sus- 
pend command, 
the user must wait until the toggle bit 


stops toggling before data reads from the device can be 
performed. 
Any further 
writes 
of the 
Erase 
Suspend 


command 
at this time will be ignored. 


Every time an Erase Suspend command 
followed by an 


Erase Resume command 
is written, the internal (pulse) 


counters 
are reset. These counters 
are used to count 


the 
number 
of high voltage 
pulses 
the 
memory 
cell 


requires 
to program 
or erase. 
If the count 
exceeds 
a 


certain limit, then the DOS bit will be set (Exceeded 
Time 


Limit flag). This resetting 
of the counters 
is necessary 


since 
the 
Erase 
Suspend 
command 
can 
potentially 
interrupt or disrupt the high voltage 
pulses. 


To resume the operation 
of Sector 
Erase, the Resume 


command 
(30H) should be written. Any fu rther writes of 


.the 
Resume 
command 
at this 
point 
will be ignored. 


Another 
Erase Suspend 
command 
can be written after 
the chip has resumed 
erasing. 


Status 
007 
OOG 
OOS 
003 
002-000 


In Progress 
Auto-Programming 
DO? 
Toggle 
0 
0 
(D) (Note 
1) 


ProgramiErase 
in Auto Erase 
0 
Toggle 
0 
1 


Exceeded 
Auto-Programm 
ing 
DO? 
Toggle 
1 
1 
(D) (Note 
1) 


Time 
Limits 
ProgramiErase 
in Auto-Erase 
0 
Toggle 
1 
1 


Notes: 
1. 000, 001. and 002 
are resetve pins for future use. 


2. 
DOB-D01S = Don't Care for x16 mode. 


3. 
004 for AMD internal use only. 


007 
Da1a Polling 


The 
Am29F200 
device 
features 
Data 
Polling 
as a 
method to indicate to the host that the Embedded 
Algo- 
rithms are in progress or completed. 
During the Embed- 


ded Program 
Algorithm 
an attempt to read the device 
will produce 
the complement 
of the data last written to 


D07· Upon completion 
of the Embedded 
Program Algo- 


rithm, an attempt to read the device will produce the true 
data last written to D07. 
During the Embedded 
Erase 
Algorithm, 
an attempt to read the device will produce a 


"0" at the D07 output. 
Upon completion 
of the Embed- 


ded Erase Algorithm 
an attempt to read the device will 
produce a "1" at the D07 output. The flowchart for Data 
PolI'ng (D07) 
is shown in Figure 3. 


For chip erase, the Data Polling is valid after the rising 
edge of the sixth WE pulse 
in the six write pulse se- 
quence. 
For sector erase, the Data Polling is valid after 


the last rising edge of the sector erase WE pulse. Data 
Polling must be performed 
at sector address within any 
of t~e sectors being erased and not a protected 
sector. 
Otherwise, 
the status may not be valid. Once the Em- 
bedded 
Algorithm 
operation 
is close 
to being 
com- 
pleted, 
the Am29F200 
data 
pins (D07) 
may change 
asynchronously 
while 
the output 
enable 
(OE) 
is as- 
serted low. This means that the device is driving status 
information 
on D07 at one instant of time and then that 


bytE\'s valid data at the next instant of time. Depending 
on when the system 
samples 
the DO? output, 
it may 


read the status or valid data. Even if the device has com- 
pleted the Embedded 
Algorithm operation 
and DO? has 
a valid data, the data outputs on DOO-D06 
may be still 
invalid. The valid data on DOO-DO? 
will be read on the 
successive 
read attempts. 


The Data Polling feature 
is only active during the Em- 
bedged 
Programming 
Algorithm, 
Embedded 
Erase Al- 


gorithm, 
or sector erase time-out 
(see Table 8). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 
006 
Toggle 
Bit 


The 
Am29F200 
also features 
the 
"Toggle 
Bit" as a 
method to indicate to the host system that the Embed- 
ded Algorithms 
are in progress 
or completed. 


During an Embedded 
Program 
or Erase Algorithm 
cy- 
cle, successive 
attempts to read (OE toggling) data from 


the gevice will result in D06 toggling 
between one and 


zero, Once the Embedded 
Program or Erase Algorithm 


cycle is completed, 
D06 will stop toggling and valid data 
will be read on the next successive 
attempts. 
During 
programming, 
the Toggle Bit is valid after the rising edge 
of the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle 
Bit is valid after the rising 
edge of the sixth WE pulse 
in the six write pulse se- 


quence. 
For Sector 
erase, the Toggle Bit is valid after 
the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


In programming, 
if the sector 
being written 
to is pro- 


tected, the toggle bit will toggle for about 2 JJ.sand then 
stop toggling without the data having changed. 
In erase, 


the device will erase all the selected 
sectors except for 


the ones that are protected. 
If all selected 
sectors 
are 


protected, the chip will toggle the toggle bit for about 100 
JJ.sand then drop back into read mode, having changed 
none of the data. 


Either CE or OE toggling will cause the D06 to toggle. In 
addition, 
an 
Erase 
Suspend/Resume 
command 
will 


cause D06 to toggle. 


See Figure 
12 for the Toggle 
Bit timing 
specifications 


and diagrams. 


DOS 
Exceeded 
Timing 
Limits 


DOS will indicate 
if the program 
or erase time has ex- 


ceeded the specified 
limits (internal pulse count). Under 
these conditions 
DOS will produce a "1". This is a failure 
condition which indicates that the program 
or erase cy- 
cle was not successfully 
completed. 
Data Polling is the 


only operating 
function 
of the device under this condi- 


tion. The CE circuit will partially power down the device 
underthese 
conditions 
(to approximately 
2 mAl. The OE 


and WE pins will control the output disable functions 
as 


described 
in Table 2. 


If this failure condition occurs during sector erase opera- 
tion, it specifies that a particular 
sector is bad and it may 


not be reused. However, other sectors are still functional 
and may be used for the program 
or erase operation. 


The device must be reset to use other sectors. Write the 
Reset command 
sequence 
to the device, and then exe- 


cute program or erase command 
sequence. 
This allows 


the system to continue to use the other active sectors in 
the device. 


If this failure condition 
occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 
nation of sectors are bad. 


If this failure condition 
occurs during the byte program- 


ming operation, 
it specifies 
that the entire sector con- 
taining 
that 
byte 
is bad and this 
sector 
may 
not be 


reused, 
(other 
sectors 
are 
still 
functional 
and 
can 


be reused). 


The DOS failure condition may also appear if a user tries 
to program 
a non blank location without erasing. 
In this 


case 
the device 
locks 
out 
and never 
completes 
the 


Embedded 
Algorithm 
operation. 
Hence, 
the 
system 


never reads a valid data on D07 
bit and D06 
never 


stops toggling. 
Once the device 
has exceeded 
timing 


limits, the DOS bit will indicate a "1." Please note that this 
is not a device 
failure 
condition 
since the device was 
incorrectly 
used. 


003 
Sector 
Erase Timer 


After the completion 
of the initial sector erase command 
sequence 
the sector erase time-out will begin. D03 will 


remain low until the time-out 
is complete. 
Data Polling 


AMD~ 


and Toggle 
Bit are valid 
after the initial sector 
erase 
command 
sequence. 


If Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, 
003 
may be 


used to determine 
if the sector erase timer window is still 


open. If 003 
is high ("1") the internally controlled 
erase 


cycle 
has begun; 
attempts 
to write 
subsequent 
com- 


mands to the device will be ignored until the erase op- 
eration 
is completed 
as indicated 
by Data Polling 
or 


Toggle Bit. If 003 
is low ("0"), the device will accept ad- 
ditional 
sector 
erase 
commands. 
To insure the com- 
mand has been accepted, 
the system software 
should 


check the status of 003 
prior to and following each sub- 
sequent 
sector erase command. 
If 003 
were high on 


the second 
status check, the command 
may not have 
been accepted. 


Refer to Table 8; Hardware 
Sequence 
Flags. 


RY!BV 
Ready/Busy 


The Am29F200 
provides a RYIBY output pin as a way to 


indicate 
to the host system 
that the Embedded 
Algo- 


rithms are either in progress or completed. 
If the output 


is low, the device is busy with either a program or erase 
operation. 
If the output is high, the device is ready to ac- 
cept any readlwrite 
orerase 
operation. 
When the RY/BY 
pin is low, the device will not accept any additional 
pro- 


gram or erase commands. 
If the Am29F200 
is placed in 
an Erase Suspend mode, the RY/BY output will be high. 
Also, since this is an open drain output, 
many RY/BY 
pins can be tied together in parallel with a pull up resistor 
to Vcc. 


During programming, 
the RY/BY pin is driven low after 
the rising edge of the fourth WE pulse. During an erase 
operation, 
the RY/BY pin is driven 
low after the rising 
edge of the sixth WE pulse. The RY/BY pin should be 
ignored while RESET is at VIL. Refer to Figure 13 for a 
detailed timing diagram. 


RESET 
Hardware 
Reset 


The Am29F200 
device 
may 
be reset 
by driving 
the 
RESET pin to VIL. The RESET pin has a pulse require- 
ment and has to be kept low (VIL) for at least 500 ns in 
order to properly 
reset the internal state machine. 
Any 
operation 
in the process of being executed will be termi- 
nated and the internal state machine will be reset 20 lls 
after the RESET 
pin is driven 
low. Furthermore, 
once 


the RESET pin goes high, the device requires an addi- 
tional 50 ns before it will allow read access. When the 
RESET pin is low, the device will be in the standby mode 
for the duration of the pulse and all the data output pins 
will be tri-stated. 
If a hardware 
reset occurs during a pro- 
gram or erase operation, 
the data at that particular 
loca- 
tion will be corrupted. 
Please note that the RY/BY output 


signal should be ignored during the RESET pulse. Refer 
to Figure 14 for the timing diagram. 
Byte/Word Configuration 


The BYTE pin selects 
the byte (8-biI) 
mode 
or word 
(16 bit) mode for the Am29F200 
device. When this pin .is 


driven 
high, the device 
operates 
in the word 
(16 bit) 


mode. 
The 
data 
is 
read 
and 
programmed 
at 


000-0015. 
When this pin is driven low, the device op- 
erates 
in byte 
(8 bit) 
mode. 
Under 
this 
mode, 
the 


D015/A-1 
pin becomes 
the 
lowest 
address 
bit and 


008-0014 
bits are tristated. 
However, 
the command 


bus cycle is always an 8-bit operation 
and hence com- 


mands are written at DOO-DO? 
and the 008-0015 
bits 


are ignored. 
Refer to Figures 
15 and 16 for the timing 


diagram. 
Data Protection 


The Am29F200 
is designed 
to offer protection 
against 


accidental 
erasure or programming 
caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device automatically 
resets 
the internal state machine in the Read mode. Also, with 
its control register architecture, 
alteration of the memory 
contents only occurs after successful 
completion 
of spe- 
cific multi-bus cycle command 
sequences. 


The device 
also incorporates 
several 
features 
to pre- 
vent inadvertent 
write cycles resulting form Vcc power- 


up and power-down 
transitions 
or system noise. 


low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
cir- 
cuits are disabled. 
Under this condition 
the device will 


reset to the read mode. Subsequent 
writes will be ig- 


nored until the Vcc level is greater 
than VLKO. It is the 
users responsibility 
to ensure that the control 
pins are 


logically 
correct 
to prevent 
unintentional 
writes 
when 
Vcc is above 3.2 V. 
Write Pulse "Glitch" Protection 


Noise pulses of less than 5 ns (typical) on OE, CE orWE 
will not initiate a write cycle. 
logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = VIH or WE = VIH. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 
Power-Up Write Inhibit 


Power-up of the device with WE = CE = VILand OE = V IH 
will not accept commands 
on the rising edge of WE. The 


internal state machine is automatically 
reset to the read 
mode on power-up. 
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AMD 


E~BEDDED ALGORITHMS 


Write 
Program 
Command 
Sequence 
(see below) 


Bus 
Operations 
Command 
Sequence 
Comments 


Standby 
(Note 
1) 


Write 
Program 
Valid Address/Data 
Sequence 


Read 
Data Polling 
to Verily 
Programming 


Standby 
(Note 
1) 
Compare 
Data Output 
to Data Expected 


Note: 


1. 
Device 
is either powered-down, 
erase 
inhibit 
or program 
inhibit. 


Write 
Erase 
Command 
Sequence 


(5ee below) 


Data Polling 
or Toggle 
Bit 
Successfully 
Completed 


Chip Erase Command 
Sequence 
(Address/Command): 
Individual 
Sector/Multiple 
Sector 
Erase Command 
Sequence 
(Address/Command): 


Additional 
sector 


erase 
commands 


are optional 


Bus Operations 
Command 
Sequence 
Comments 


Standby 
(Note 
1) 


Write 
Erase 


Read 
Data Polling 
to Verify 
Erasure 


Standby 
(Note 
1) 
Compare 
Output 
to FFH 


Note: 


1. 
Device 
is either powered-down, 
erase 
inhibit 
or program 
inhibit. 
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Read 
Byte 
(000-007) 
Addr=VA 


Read 
Byte 
(000-007) 
Addr=VA 


VA = Byte address 
for programming 
= Any of the sector 
addresses 
within the 
sector 
being 
erased 
during 
sector 
erase 
operation 
= XXXXH 
during 
chip erase 


Note: 


1. 
DOl 
is rechecked 
even if DOS = "1" because 
DOl 
may change 
simul1aneously 
with DOS. 


Read 
Byte 
(000-007) 


Addr=VA 


VA = Byte address 
for programming 


= any of the sector 
addresses 
within 
the 


sector 
being 
erased 
during 
sector 
erase 


operation 
= XXXXH 
during 
chip erase 


= any address 
not within 
the sector 
in the 


process 
of an Erase 
Suspend 
operation 


Read Byte 
(000-007) 


Addr=VA 


Note: 


I. 
006 
is rechecked 
even if 005 
= "I" because 
006 
may stop loggling 
allhe 
same 
time as 005 
changing 
to "I". 


~ 
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20 ns 


Figure 5. Maximum 
Negative 
Overshoot 
Waveform 


~'20",'~ 


Vcc + 0.5 V 


2.0 V 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to +150°C 
Plastic Packages 
. . . . 
. .. 
-65°C 
to + 125°C 


Ambient Temperature 
with Power Applied 
-55°C 
to + 125°C 


Voltage with Respect to Ground 
All pins except A9 (Note 1) 
-20 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions, 
inputs may overshoot 
Vss to -2.0 V for 
periods 
of up to 20 ns. Maximum 
DC voltage 
on output and 
yo pins is Vcc + 0.5 V. During 
voltage 
transitions. 
outputs 
may overshoot 
to Vcc + 2.0 V for periods 
up to 20 ns. 


2. 
Minimum 
DC input voltage 
on A9 pin is -0.5 V. During 
volt- 


fge 
transitions. 
A9 may overshoot 
Vss to -2.0 V for peri- 


fds of up to 20 ns. Maximum 
DC input 
voltage 
on A9 is 
t 13.5 V which 
may overshoot 
to 14.0 V for periods 
up to 
20ns. 


3. 
No more than one output 
shorted 
at a time. Duration 
of the 
short circuit 
should 
not be greater 
than one second. 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings" may cause 
permanent 
damage 
to the device. 
This is a 
stress 
rating 
only; 
functional 
operation 
of the device 
at these 


or any other 
conditions 
above 
those 
indicated 
in the opera- 


tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for ex- 
tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
... 
-40°C 
to +85°C 


Extended 
(E) Devices 


Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to + 125°C 


Vec Supply 
Voltages 
Vcefor 
Am29F200T/B-75 
+4.75 V to +5.25 V 


Vce for Am29F200T/B-90. 
120 ... 
+4.50 V to +5.50 V 


Operating 
ranges 
define 
those limits between 
which the func- 


tionality 
of the device 
is guaranteed. 


DC CHARACTERISTICS 
TTl/NMOS 
Compatible 


Parameter 
Symbol 
Parameter 
Description 
Test Conditions 
Min 
Max 
Unit 


III 
Input Load Cu rrent 
VIN = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
lJ.A 


IUT 
A9 Input Load Current 
Vcc = Vcc Max, A9 = 12.5 V 
50 
lJ.A 


ILO 
Output 
Leakage 
Current 
VOUT = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
lJ.A 


Icc, 
Vcc Active 
Current 
(Note 1) 
CE = VIL,OE 
= V,H 
I 
Byte 
40 
mA 
I Word 
50 


ICC2 
Vcc Active 
Current 
(Notes 2, 3) 
CE = VIL. OE = V,H 
60 
mA 


ICC3 
Vcc Standby 
Current 
Vcc = Vcc Max, CE = V,H.OE = V,H 
1.0 
mA 


VIL 
Input Low Level 
-0.5 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc 
V 
+ 0.5 


VID 
Voltage 
for Autoselect 
Vcc= 
5.0 V 
11.5 
12.5 
V 
and Sector 
Protect 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA, Vcc = Vcc Min 
0.45 
V 


VQH 
Output 
High Level 
IOH= -2.5 mA Vcc = Vcc Min 
2.4 
V 


VLKO 
Low Vcc Lock-Out 
Voltage 
3.2 
4.2 
V 


Notes: 


1. 
The Ice current 
listed 
includes 
both the DC operating 
current 
and the frequency 
dependent 
component 
(at 6 MHz). 


The frequency 
component 
typically 
is less than 2 mA/MHz, 
with OE at VIH. 


2. 
Ice active 
while Embedded 
Algorithm 
(program 
or erase) 
is in progress. 


3. 
Not 
100% tested. 
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DC CHARACTERISTICS 
(continued) 


CMOS Compatible 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Max 
Unit 


III 
Input Load Current 
VIN = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
~ 


IUT 
A9 Input Load Current 
Vcc = Vcc Max, A9 = 12.5 V 
50 
~ 


ILO 
Output 
Leakage 
Current 
VOUT = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
~ 


Icc1 
Vcc Active 
Current 
(Note 
1) 
CE = VIL, DE = VIH 
I Byte 
40 
mA 


I Word 
50 


Icc2 
Vcc Active 
Current 
(Notes 
2. 3) 
CE = VIL, DE = VIH 
60 
mA 


Icc3 
Vcc Standby 
Current 
Vcc = Vcc Max, CE = Vcc ± 0.5 V. 
100 
~ 
DE = VIH 


VIL 
Input Low Level 
-0.5 
0.8 
V 


VIH 
Input High Level 
0.7x 
Vcc 
V 


Vcc 
+0.3 


VID 
Vo~age 
for Autoselect 
Vcc= 
5,0 V 
11.5 
12.5 
V 


and Sector 
Protect 


VOL 
Output 
Low Vo~age 
IOL= 5.8 mA, Vcc 
= Vcc Min 
0.45 
V 


VOH1 
IOH= -2.5 
mA, Vcc = Vcc Min 
0.85 
V 


Output 
High Voltage 
Vcc 


VOH2 
IOH= -1 00 ~A, Vcc = Vcc Min 
Vcc 
V 


-0.4 


VLKO 
Low Vcc Lock-out 
Vo~age 
3.2 
4.2 
V 


Notes: 


1. The lee cu"ent listed includes both the DC operating cu"ent and the frequency dependent component (at 6 MHz). 


The frequency component typically is less than 2 mAlMHz, with OE at VIH. 


2. 
lee active while Embedded Algorithm (program or erase) is in progress. 


3. 
Not 100% tested. 


AC CHARACTERISTICS 


Read Only Operations Characteristics 


Parameter 
Symbols 
-75 
-90 
-120 
-150 


JEDEC 
Standard 
Description 
Test Setup 
(Note 
1) 
(Note 
2) 
(Note 
2) 
(Note 
2) 
Unit 


tAvAV 
tRC 
Read 
Cycle Time 
(Note 4) 
Min 
70 
90 
120 
150 
ns 


lAvov 
tACC 
Address 
to Output 
Delay 
CE = VIL 
Max 
70 
90 
120 
150 
ns 


OE = VIL 


tELOV 
tCE 
Chip Enable 
to Output 
Delay 
OE = VIL 
Max 
70 
90 
120 
150 
ns 


tGLOV 
tOE 
Output 
Enable 
to 
Max 
30 
35 
50 
55 
ns 
Output 
Delay 


tEHOZ 
tOF 
Chip Enable 
to Output 
Max 
20 
20 
30 
35 
ns 


High Z (Note 3, 4) 


tGHOZ 
tOF 
Output 
Enable 
to Output 
Max 
20 
20 
30 
35 
ns 


High Z (Note 3, 4) 


tAXOX 
tOH 
Output 
Hold Time 
From 
Min 
0 
0 
0 
0 
ns 


Addresses, 
CE or OE, 
Whichever 
Occurs 
First 


tReady 
RESET 
pin low to read 
Max 
20 
20 
20 
20 
I.ls 


mode 


tELFL 
CE to BYTE switching 
low or 
Max 
5 
5 
5 
5 
ns 


tELFH 
high 


Notes: 


1. 
Test Conditions: 
Output 
Load: 
1 TTL gate and 30 pF 


Input rise and fall times: 5 ns 
Input pulse 
levels: 
0.0 V to 3.0 V 
Timing measurement 
reference 
level 


Input: 
1.5 V 
Output: 
1.5 V 


2. 
Test Conditions: 
Output 
Load: 
1 TTL gate and 
100 pF 
Input rise and fall times: 20 ns 
Input pulse 
levels: 
0.45 
V to 2.4 V 
Timing measurement 
reference 
level 
Input: 
0.8 and 2.0 V 
Output: 
0.8 and 2.0 
V 


3. 
Output 
driver 
disable 
time. 


4. 
Not 
100% tested. 


Device 
Under 
Test 


IN3064 
or Equivalent 


Diodes = IN3064 
or Equivalent 


Notes: 


For -70: CL = 30 pF including 
jig capacitance 


For all others: 
CL = 100 pF including 
jig capacitance 
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A9 CHARACTERISTICS 
Write/Erase/Program 
Operations 


Parameter 
Symbols 


JEDEC 
Standard 
Description 
·70 
-90 
-120 
·150 
Unit 


tAVAV 
twc 
Write 
Cycle 
Time (3) 
Min 
70 
90 
120 
150 
ns 


tAVl,."L 
tAS 
Address 
Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
50 
ns 


tOVWH 
tos 
Data Setup 
Time 
Min 
30 
45 
50 
50 
ns 


tWHOX 
tOH 
Data Hold Time 
Min 
0 
0 
0 
0 
ns 


tOES 
Output 
Enable 
Setup 
Time (3) 
Min 
0 
0 
0 
0 
ns 


Output 
Enable IRead 
(3) 
Min 
0 
0 
0 
0 
ns 


tOEH 
Hold Time 
IToggle 
and Data Polling (3) 
Min 
10 
10 
10 
10 
ns 


tG~L 
tGHWL 
Read 
Recover 
Time 
Before 
Write 
Min 
0 
0 
0 
0 
ns 


tEL'fL 
tcs 
CE Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tW~EH 
tCH 
CE Hold Time 
Min 
0 
0 
0 
0 
ns 


tWLWH 
twp 
Write 
Pulse Width 
Min 
35 
45 
50 
50 
ns 


tWHWL 
tWPH 
Write 
Pulse Width 
High 
Min 
20 
20 
20 
20 
ns 


tWHWHl 
tWHWH' 
Byte Programming 
Operation 
Typ 
16 
16 
16 
16 
I-lS 


tWHWH2 
tWHWH2 
Erase 
Operation 
(1) 
Typ 
1.5 
1.5 
1.5 
1.5 
see 


Max 
30 
30 
30 
30 
see 


tvcs 
Vcc 
Set Up Time (3) 
Min 
50 
50 
50 
50 
I-lS 


tVLHT 
Voltage 
Transition 
Time (2,3,5) 
Min 
4 
4 
4 
4 
I-ls 


twpp 
Write 
Pulse Width (2) 
Min 
100 
100 
100 
100 
I-ls 


tWPP2 
Write 
Pulse Width 
(5) 
Min 
10 
10 
10 
10 
ms 


tOEsP 
OE Setup 
Time to WE Active 
(2,3,5) 
Min 
4 
4 
4 
4 
I-ls 


tcsp 
CE Setup 
Time to WE Active (3) 
Min 
4 
4 
4 
4 
I-ls 


tRP 
RESET 
Pulse Width 
Min 
500 
500 
500 
500 
ns 


tFLQZ 
BYTE Switching 
Low to Output 
High Z (3,4) 
Max 
20 
30 
30 
30 
ns 


tBUSY 
Program/Erase 
Valid to RD/BY 
delay (3) 
Min 
30 
35 
50 
55 
ns 


Notes: 


1. 
This does not include the preprogramming 
time. 


2. 
These timings are for Sector Protect operation. 


3. 
,Jot 100% tested. 


4. 
Output Driver Disable 
Time 


WAVEFORM 
INPUTS 
OUTPUTS 


Must Be 
Will Be 
Steady 
Steady 
\\\\\ 


May 
Will Be 
Change 
Changing 
from H to L 
from 
H to L 
IIIII 


May 
Will Be 
Change 
Changing 
from L to H 
from 
L to H 


'It:IX:lX 


Don't Care, 
Changing, 
Any Change 
State 
Permitted 
Unknown 
ll) err 


Does Not 
Center 
Apply 
Line is High- 
Impedance 
"OIl"State 


KSOOOO10 
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SWITCHING WAVEFORMS 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
eQ7 is the output of the complement 
of the data written to the device. 


4. 
Dour 
is the output of the data written to the device. 


5. 
Figure indicates 
last two bus cycles of four bus cycle sequence. 


6. 
These waveforms 
are for the x 16 mode. 


IDS 


vcc~ 


Notes: 


1. 
SA is the sector address 
for Sector Erase. Addresses 
= don't care for Chip Erase. 


2. 
These waveforms 
are for the x16 mode. 


Figure 10. AC Waveforms 
ChiplSector 
Erase Operations 


AMD~ 


Data 
(000-007) 


006= 
Stop Toggling 


-tOE-- 


Note: 


'006 
stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 
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CE\ 
I 


CE\ 
/ 


RXXXXX 
, 
, 
,,, 


,, 


),-: 
- 


tELFL 


tELFH 


Data Output 
(000-0014) 


__________ 
!D015\/ 
~ 
)-- 
Address 
Input 


, 
tSET 
__ 


(tAS) 


,,, 
~ 
tHOLD (tAH) 
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Set Up Sector 
Addr 
(A16, A1S, A14. 


A13. A12) 


Power 
Down 
OE 
WE = VIH 
CE = OE = VIL 
A9 should 
remain 
VID 


~-------------~ 


12V-----------j81- 
-- 


5V 
---- 
. 


A9 


---- 
lVLHT 


12V 
----------- 
__ 


5V 


SAx = Sector Address 
for initial sector 


SAy = Sector 
Address 
for next sector 
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Notes: 


SAO = Sector 
Address 
for initial sector 


SA6 = Sector 
Address 
for last sector 


Please 
refer to Table 4. 1 for details. 


SAG 
~~ 
A1S-A12_X 
//IIrrrr////////f//lJl ::=x 


AO_X TlITrrr//////////Tr//I~:=A 
'IS 


A1_X 
7I/////////////rroz 
~~~--'IS 


12 V- - - - - - - - 
-YEf- 
-- 
5 V- - 
. 


A9 


-- 
tVLHT 
'\ 


I 


AS 
~------------'I'-I 
-----~S 


12V------------- 
-- 


5 V -- 


Data-------------'I~S 
/" 
Execute 
AutoSelect 
Command 
Sequence 
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AC CHARACTERISTICS 


Write/Erase/Program 
Operations 


Alternate 
CE Controlled 
Writes 


Parameter 
Symbols 


JEDEC 
Standard 
Description 
-70 
-90 
·120 
·150 
Unit 


tAVAV 
twc 
Write 
Cycle 
Time (4) 
Min 
70 
90 
120 
150 
ns 


tAVEL 
tAS 
Address 
Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tELAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
50 
ns 


tDVEH 
tDS 
Data Setup 
Time 
Min 
30 
45 
50 
50 
ns 


tEHDX 
tDH 
Data Hold Time 
Min 
0 
0 
0 
0 
ns 


tOES 
Output 
Enable 
Setup 
Time 
Min 
0 
0 
0 
0 
ns 


Output 
Enable 
I Read (4) 
Min 
0 
0 
0 
0 
ns 
tOEH 
Hold Time (4) I Toggle 
and Data Polling 
Min 
10 
10 
10 
10 
ns 


tGHEL 
tGHEL 
Read 
Recover 
Time 
Before 
Write 
Min 
0 
0 
0 
0 
ns 


tWLEL 
tws 
WE Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tEHwH 
tWH 
WE Hold Time 
Min 
0 
0 
0 
0 
ns 


tELEH 
tcp 
CE Pulse Width 
Min 
35 
45 
50 
50 
ns 


tEHEl 
tCPH 
CE Pulse Width 
High 
Min 
20 
20 
20 
20 
ns 


tWHWH1 
tWHWHl 
Byte Programming 
Operation 
Typ 
16 
16 
16 
16 
~s 


tWHWH2 
tWHWH2 
Erase 
Operation 
(1) 
Typ 
1.5 
1.5 
1.5 
1.5 
sec 


Max 
30 
30 
30 
30 
sec 


tvcs 
Vcc 
Set Up Time (4) 
Typ 
50 
50 
50 
50 
~s 


tRP 
RESET 
Pulse Width 
Min 
500 
500 
500 
500 
ns 


tFLQZ 
BYTE Switching 
Low to Output 
High Z (3,4) 
Max 
20 
30 
30 
30 
ns 


tBUSY 
Program/Erase 
Valid to RD/BY 
Delay (4) 
Min 
30 
35 
50 
55 
ns 


Notes: 


1. 
his does not include the preprogramming 
time. 


2. 
These timings are for Sector ProtectiUnprotect 
operations. 


3. 
This timing is only for Sector Unprotect. 


4. 
Not 100% tested. 


~"~H=* PA 
twc 
tAS 


Data Polling 


",{POOO< 
PA x_>- 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
DO? is the output 
of the complement 
of the data written 
to the device. 


4. 
Dour 
is the output 
of the data written 
to the device. 


5. 
Figure 
indicates 
last two bus cycles 
of four bus cycle 
sequence. 


6. 
These 
waveforms 
are for the xt6 
mode. 
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Limits 


Parameter 
Min 
Typ 
Max 
Unit 
Comments 


Chip and Sector 
Erase Time 
1.5 
30 
sec 
Excludes 
OOH programming 
(Note 
1) 
prior to erasure 


Byte Programming 
Time 
16 
1000 
I.l.s 
Excludes 
system ·Ievel overhead 
(Note 2) 


Chip Programming 
Time 
8.5 
50 
sec 
Excludes 
system·level 
overhead 
(Note 1) 


EraselProgram 
Cycles 
100.000 
1,000,000 
Cycles 


Notes: 


1. 
25°C. 5 V Vcc. 100.000 cycles 


2. 
The Embedded 
Algorithms 
allow (or 48 ms byte program 
time. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all 1/0 pins 
-1.0 
V 
Vcc 
+ 1.0 V 


Vcb Current 
-100 
mA 
+100 
mA 


Parameter 
~ymbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = a 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
VIN = 0 
8 
10 
pF 


Noter 


1. 
Sampled. 
not 100% tested. 


2. 
Test conditions 
TA = 25"C. (= 1.0 MHz 


P'Irameter 
~ymbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = a 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
Vpp = 0 
8 
10 
pF 


Notes: 


1. 
Sampled. 
not 100% tested. 


2. 
Test conditions 
TA = 25"C, (= 1.0 MHz 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


- 
Am29F040 


4 Megabit (524,288 x 8-Bit) CMOS 5.0 Volt-only, 
Sector Erase Flash Memory 


~ 


Advanced 


Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
5.0 V ± 10% read, write, 
and erase 


- 
Minimizes 
system level power requirements 


• 
Compatible 
with JEDEC-standard 
commands 


- 
Uses same software commands 
as E2pROMs 


• 
Compatible 
with JEDEC-standard 
byte-wide 


pinouts 


- 
32-pin PLCC/LCC 
- 
32-pin TSOP 
- 
32-pin DIP 


• 
Minimum 
100,000 write/erase 
cycles 


• 
High performance 
- 
70 ns maximum 
access time 


• 
Sector 
erase architecture 


- 
8 equal size sectors of 64K bytes each 
- 
Any combination 
of sectors can be concurrently 


erased. Also supports full chip erase. 


• 
Embedded 
Erase Algorithms 


- 
Automatically 
pre-programs 
and erases the 
chip or any sector 


GENERAL DESCRIPTION 


The Am29F040 
is a 4 Mbit, 5.0 V-only Flash memory or- 


ganized as 512K bytes of 8 bits each. The Am29F040 
is 


offered 
in a 32-pin 
package. 
This device 
is designed 


to be programmed 
in-system 
with the standard 
system 


5.0 V Vcc supply. 
A 12.0 V Vpp is not required 
for 


write or erase 
operations. 
The 
device 
can 
also 
be 
reprogrammed 
in standard 
EPROM programmers. 


The standard 
Am29F040 
offers access times between 
70 ns and 
150 ns, allowing 
operation 
of high-speed 


microprocessors 
without 
wait states. To eliminate 
bus 


contention 
the device 
has separate 
chip enable 
(GEl. 


write enable (WE) and output enable (OE) controls. 


The Am29F040 
is entirely pin and command 
set com- 
patible 
with 
JEDEC 
standard 
4 
Mbit 
E2pROMs. 


• 
Embedded 
Program 
Algorithms 


- 
Automatically 
writes and verifies data at 


specified 
address 


• 
Data Polling 
and Toggle 
Bit feature 
for detec- 


tion 
of program 
or erase cycle 
completion 


• 
Low power 
consumption 
- 
20 mA typical active read current 


- 
30 mA typical write/erase 
current 


- 
25 ~ 
typical standby current 


• 
Low Vcc write 
inhibit 
$ 3.2 V 


• 
Sector 
protection 
- 
Hardware 
method disables 
any combination 
of 


sectors from write or erase operations 


• 
Suspend 
Erase/Resume 
- 
Suspend 
the erase operation 
to allow a read 


data in another sector within the same device 


Commands 
are written to the command 
register using 


standard 
microprocessor 
write timings. 
Register 
con- 


tents serve as input to an internal state-machine 
which 


controls 
the erase 
and 
programming 
circuitry. 
Write 


cycles also internally 
latch addresses 
and data needed 


for the programming 
and erase 
operations. 
Reading 


data out of the device is similar to reading from 12.0 V 
Flash or EPROM devices. 


The Am29F040 
is programmed 
by executing 
the pro- 


gram command 
sequence. 
This will invoke the Embed- 
ded Program 
Algorithm 
which 
is an internal 
algorithm 


that automatically 
times the program 
pulse widths 
and 


verifies proper cell margin. Typically, 
each sector can be 


programmed 
and 
verified 
in 
less 
than 
one 


Family Part No: 
Am29F040 


Ordering Part No: 
Vcc = 5.0 V ± 5% 
-75 


Vcc = 5.0 V ± 10% 
-90 
-120, 
-150 


Max Access Time (ns) 
70 
90 
120 
150 


CE (E) Access (ns) 
70 
90 
120 
150 


OE (G) Access (ns) 
30 
35 
50 
55 


Publication# 17113 
Rev. C 
AmendmentiO 


Issue Date: 
March 
1994 


This document 
contains 
inrormation 
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second. 
Erase is accomplished 
by executing 
the erase 


command 
sequence. 
This will invoke 
the Embedded 


Erase Algorithm which is an internal algorithm that auto- 
matically 
pre programs 
the 
array 
if it. is not already 
programmed 
before 
executing 
the 
erase 
operation. 
Durirg 
erase, the device automatically 
times the erase 
pulse widths and verifies proper cell margin. 


The 
entire 
chip 
or any 
individual 
sector 
is typically 


erased and verified in 1.5 seconds (if already completely 
preprogrammed) 
. 


ThiSI device 
also features 
a sector 
erase architecture. 


The sector mode allows for 64K byte blocks of memory 
to 
be 
erased 
and 
reprogrammed 
without 
affecting 


other blocks. The Am29F040 
is erased when shipped 


from the factory. 


The device features single 5.0 V power supply operation 
for both read and write functions. 
Internally 
generated 


and regulated 
voltages 
are provided 
for the program 


and erase operations. 
A low Vcc detector automatically 


inhibits write operations 
on the loss of power. The end of 
program or erase is detected 
by Data Polling of DO? or 
by the Toggle Bit feature on 006. 
Once the end of a pro- 


gram or erase cycle 
has been completed, 
the device 


internally 
resets to the read mode. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and E2pROM experience 
to produce the highest levels 


of 
quality, 
reliability 
and 
cost 
effectiveness. 
The 


Am29F040 
memory electrically 
erases the entire chip or 
all 
bits 
within 
a 
sector 
simultaneously 
via 
Fowler- 
Nordhiem 
tunneling. 
The bytes are programmed 
one 


byte at a time using the EPROM programming 
mecha- 


nism of hot electron injection. 
Flexible Sector-Erase Architecture 


• 
64K Bytes per sector 
• 
Individual-sector, 
multiple-sector, 
or bulk-erase 
capability 


• 
Individual 
or multiple-sector 
protection 
is user 


definable 
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CONNECTION DIAGRAMS 
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LOGIC SYMBOL 


CE(E) 


OE(G) 


WE(W) 


Pin 
Function 


AO-A18 
Address 
Inputs 


DOO-DO? 
Data Input/Output 


CE 
Chip Enable 


OE 
Output 
Enable 


WE 
Write 
Enable 


Vss 
Device 
Ground 


Vcc 
Device 
Power 
Supply 
(5.0 V ± 10% or ± 5%) 


ORDERING INFORMATION 


Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 


formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 
Blank 
= Standard 
Processing 


B = Burn·ln 


TEMPERATURE 
RANGE 
C = Commercial 
(O°C to +70°C) 


I 
= Industrial 
(-40°C 
to +85°C) 


E = Extended 
(-55°C 
to +125°C) 


PACKAGE 
TYPE 
P = 32-Pin 
Plastic 
DIP (PO 032) 


J = 32-Pin 
Rectangular 
Plastic 
Leaded 
Chip 


Carrier 
(PL 032) 


E = 32-Pin 
Thin Small 
Outline 
Package 
(TSOP) 
Standard 
Pinout 
(TS 032) 


F = 32-Pin 
Thin Small 
Outline 
Package 
(TSOP) 
Reverse 
Pinout 
(TSR 032) 


SPEED 
OPTION 
See Product 
Selector 
Guide 
and 


Valid 
Combinations 


DEVICE 
NUMBER/DESCRIPTION 
Am29F040 
4 Megabit 
(512K 
x 8-Bit) CMOS 
Flash 
Memory 
5.0 V Program 
and Erase 
64K Byte Sectors 


Valid 
Combinations 


AM29F040· 
75 
JC, EC, FC 


AM29F040-90 
DE, DEB, LE, LEB, 


AM29F040-120 
PC, PI, JC, JI, PCB, 
PIB, JCB, JIB, PE, 


AM29F040-150 
PEB, JE, JEB, 
EC, 


EI, FC, FI, EE, EEB, 
FE, FEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to be 


supported 
in volume 
for this device. 
Consult 
the 10- 


cal AMD sales office to confirm 
availability 
of specific 


valid combinations 
and to check 
on newly 
released 


combinations. 


~ 
AMD 


MILITARY ORDERING INFORMATION 
APL Products 


AMD products 
for Aerospace 
and Defense 
applications 
are available 
in several 
packages 
and operating 
ran$)es. APl 
(Approved 
Pro9ucts 
List) products 
are fUlly compliant 
with Mll-STD-883 
requirements. 
The order number 
(Valid Combination) 
is formed 
by 
a combination 
of: 


AT_ 
lEAD 
FINISH 
A = Hot Solder 
Dip 


PACKAGE 
TYPE 
X = 32-Pin 
Ceramic 
DIP (CD 032) 


U = 32-Pin 
Rectangular 
Ceramic 
leadless 


Chip Carrier 
(ClR 
032) 


SPEED 
OPTION 


See Product 
Selector 
Guide 
and 
Valid 
Combinations 


DEVICE 
NUMBER/DESCRIPTION 


Am29F040 
4 Megabit 
(512K 
x 8-Bit) CMOS 
Flash Memory 
5.0 V Program 
and Erase 
64K Byte Sectors 


Valid 
Combinations 


AM29F040-90 


AM29F040-120 
/BXA,/BUA 


AM29F040-150 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 


be supported 
in volume 
for this 
device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid 
combinations 
and 
or to check 
on 
newly 
released 
combinations. 


Group 
A Tests 


Group 
A tests consist 
of Subgroups 


1,2,3, 
~8, 
~ 
1~ 
11. 


Operation 
CE 
DE 
WE 
AO 
A1 
A6 
A9 
1/0 


Auto-Select Manufacturer Code (1) 
L 
L 
H 
L 
L 
L 
VID 
Code 


Auto-Select Device Code (1) 
L 
L 
H 
H 
L 
L 
VID 
Code 


Read (4) 
L 
L 
H 
AD 
A1 
A6 
A9 
Dour 


Standby 
H 
X 
X 
X 
X 
X 
X 
HIGHZ 


Output Disable 
L 
H 
H 
X 
X 
X 
X 
HIGHZ 


Write 
L 
H 
L 
AO 
A1 
A6 
A9 
DIN(2) 


Enable Sector Protect 
L 
VID 
L 
X 
X 
X 
VID 
X 


Verify Sector Protect (3) 
L 
L 
H 
L 
H 
L 
VID 
Code 


Legend: 
L = VIL, H = V,H, X = Don't 
Care. See DC Characteristics 
for voltage 
levels. 


Notes: 


1. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Tables 3 and 4. 


2. 
Refer to Table 4 for valid DIN during a write operation. 


3. 
Refer 
to the section 
on Sector 
Protection 


4. 
WE can be VIL if OE is V'L, OE at V,H initiates 
the write operations. 


Read Mode 


The Am29F040 
has two control functions which must be 
satisfied 
in order to obtain data at the outputs. CE is the 


power control and should be used for device selection. 
OE is the output control and should be used to gate data 
to the output pins if a device is selected. 


Address 
access time (tACC)is equal to the delay from 


stable addresses 
to valid output data. The chip enable 
access time (leE) is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable for at least tAcc-tOE time). 
Standby Mode 


The 
Am29F040 
has two 
standby 
modes, 
a CMOS 
standby mode (CE input held at Vcc ± 0.5 V), when the 
current 
consumed 
is less than 
100 ~A; 
and 
a TIL 


standby 
mode 
(CE is held 
at V,H) when 
the current 
required 
is reduced 
to 
approximately 
1 mA. 
In the 
standby 
mode the outputs 
are in a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during erasure or program- 
ming, the device will draw active current until the opera- 
tion is completed. 
Output Disable 


With the OE input at a logic high level (V'H), output from 
the device is disabled. 
This will cause the output pins to 
be in a high impedance 
state. 


Autoselect 


The autoselect 
mode allows the reading out of a binary 


code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment 
for the purpose 
of automatically 
matching 


the device 
to be programmed 
with 
its corresponding 


programming 
algorithm. 
This mode is functional 
over 


the entire temperature 
range of the device. 


To activate 
this 
mode, 
the 
programming 
equipment 


must force Vlo(11.5 Vto 12.5 V) on address pin A9. Two 
identifier bytes may then be sequenced 
from the device 


outputs 
by toggling 
address 
AO from VIL to VIH. All ad- 


dresses are don't cares except AO, A 1, and A6. 


The manufacturer 
and device codes may also be read 


via 
the 
command 
register, 
for 
instances 
when 
the 


AM29F040 
is erased or programmed 
in a system with- 


out access to high voltage on the A9 pin. The command 
sequence 
is illustrated 
in Table 5 (refer to Autoselect 
Command 
section). 


Byte 0 (AO = V,Ll represents 
the manufacture's 
code 
(AMO=01 H) and byte 1 (AO = V,H) the device 
identifier 
code (Am29F040=A4H). 
These two bytes are given in 


the table below. All identifiers for manufactures 
and de- 


vice will exhibit odd parity with the MSB (007) defined 
as the parity bit. In order to read the proper device codes 
when 
executing 
the autoselect, 
A1 must be VIL (see 


Table 3). 
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Code 
D01 
DOO 
Type 
A18 
A17 
A16 
A6 
A1 
AO 
(HEX) 
D07 
D06 
DOS 
D04 
D03 
D02 


ManufactureCode 
X 
X 
X 
VIL 
VIL 
VIL 
01H 
0 
0 
0 
0 
0 
0 
0 
1 


Am29F040 
X 
X 
X 
VIL 
VIL 
VIH 
MH 
1 
0 
1 
0 
0 
1 
0 
0 
DeviceCode 


SectorProtection 
SectorAddresses 
VIL 
VIH 
VIL 
01H" 
0 
0 
0 
0 
0 
0 
0 
1 


A18 
A17 
A16 
Address Range 


SAO 
0 
0 
0 
OOOOOh-OFFFFh 


SA1 
0 
0 
1 
10000h-1FFFFh 


SA2 
0 
1 
0 
20000h-2FFFFh 


SA3 
0 
1 
1 
30000h-3FFFFh 


SM 
1 
0 
0 
40000h-4FFFFh 


SAS 
1 
0 
1 
50000h-5FFFFh 


SA6 
1 
1 
0 
60000h-6FFFFh 


SA7 
1 
1 
1 
70000h-7FFFFh 


Write 


Device erasure and programming 
are accomplished 
via 
the command 
register. 
The 
contents 
of the 
register 
serve as inputs to the internal state machine. The state 
machine outputs dictate the function 
of the device. 


The yommand 
register 
itself does not occupy 
any ad- 
dressable 
memory location. The register is a latch used 


to store the commands, 
along with the address and data 


information 
needed to execute the command. 
The com- 


mand register is written by bringing WE to VIL, while CE 
is at VIL and OE is at VIH. Addresses 
are latched on the 
falling 
edge of WE or CE, whichever 
happens 
later; 


while data is latched 
on the rising edge of WE or CE, 
whichever 
happens first. Standard microprocessor 
write 


timings are used. 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 
Sector Protection 


The Am29F040 
features 
hardware 
sector 
protection. 
This feature will disable both program and erase opera- 
tions in any number of sectors (0 through 8). The sector 
protect 
feature 
is 
enabled 
using 
programming 


equipment 
at the user's site. The device is shipped with 
all sectors 
unprotected. 
Alternatively, 
AMD 
may pro- 


gram and protect sectors in the factory prior to shipping 
the device (AM D's ExpressFlash™ 
Service). 


To activate 
this 
mode, 
the 
programming 
equipment 
must force 
VIO on address 
pin A9 and control 
pin OE, 


(suggest 
VIO = 11 V) and CE = VIH. The sector addresses 
(A 18, A 17, and A 16) should be set to the sector to be 
protected. Table 4 defines the sector address for each of 
the eight 
(8) individual 
sectors. 
Programming 
of the 
protection 
circuitry begins on the falling edge of the WE 
pulse and is terminated 
with the rising edge of the same. 


Sector 
addresses 
must 
be held constant 
during 
the 
WE pulse. 


To verify programming 
of the protection 
circuitry, 
the 
programming 
equipment 
must force 
VIO on address pin 
A9 with CE and OE at VIL and WE at VIH. Scanning 
the 
sector addresses 
(A16, A17, and A18) while 
(A6, A1, 
AO) = (a, 1, 0) will produce 
a logical "1" code at device 
output DOO for a protected 
sector. Otherwise 
the device 
will read OOHfor unprotected 
sector. 
In this mode, the 
lower order addresses, 
except for AO, A 1, and A6 are 
don't care. Address locations with A1 = VIL are reserved 
for Autoselect 
manufacturer 
and device codes. 


It is also possible to determine 
if a sector is protected 
in 
the system by writing an Autoselect 
command. 
Perform- 
ing a read operation 
at the address 
location 
XX02H, 


where the higher order addresses 
(A 16, A 17, and A 18) 
are the sector address will produce 
a logical "1" at DOO 
for a protected sector. See Table 3 for Autoselect 
codes. 


Command Definitions 


Device operations 
are selected 
by writing 
specific 
ad- 


dress and data sequences 
into the command 
register. 


Writing 
incorrect 
address 
and data 
values 
or writing 
them in the improper 
sequence 
will reset the device to 
read mode. Table 5 defines the valid register command 
sequences. 
Note that 
the 
Erase 
Suspend 
(BO) and 
Erase Resume (30) commands 
are valid only while the 
Sector Erase operation 
is in progress. 
Either of the two 
reset commands 
will reset the device (when applicable). 


Bus 
Fourth Bus 
Sixth Bus 
First Bus 
Second 
Bus 
Third Bus 
ReadfWrite 
Fifth Bus 
Command 
Write 
Write Cycle 
Write Cycle 
Write Cycle 
Cycle 
Write Cycle 
Write Cycle 
Sequence 
Cycles 
ReadfReset 
Req'd 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 


ReadfReset 
1 
XXXH 
FOH 


Read/Reset 
4 
5555H 
AAH 
2AAAH 
55H 
5555H 
FOH 
RA 
RD 


Autoselect 
4 
5555H 
AAH 
2AAAH 
55H 
5555H 
90H 


Byte Program 
4 
5555H 
AAH 
2AAAH 
55H 
5555H 
AOH 
PA 
Data 


Chip Erase 
6 
5555H 
AAH 
2AAAH 
55H 
5555H 
80H 
5555H 
AAH 
2AAAH 
55H 
5555H 
10H 


Sector Erase 
6 
. 5555H 
AAH 
2AAAH 
55H 
5555H 
80H 
5555H 
AAH 
2AAAH 
55H 
SA 
30H 


Sector Erase Suspend 
Erase can be suspended during sector erase with Addr (don't care), Data (BOH) 


Sector Erase Resume 
Erase can be resumed aher suspend with Addr (don't care), Data (30H) 


Notes: 
1. 
Address bits A 15, A 16, A 17, and A 18 = X = Don't Care. Write Sequences may be initiated with A 15 in either state. 


2. 
Address bits A 15, A 16, A 17, andA 18 =X = Don't Care for all address commands except for Program Address (PA) and Sector Address (SA). 


3. 
Bus operations are defined in Table 2. 


4. 
RA = Address of the memory location to be read. 
PA = Address of the memory focation to be programmed. Addresses are latched on the falling edge of the WE pulse. 


SA = Address of the sector to be erased. The combination of A 18, A 17, A 16 will uniquely select any sector. 


5. 
RD = Data read from location RA during read operation. 
PO = Data to be programmed at location PA. Data is latched on the falling edge of WE. 


Read/Reset Command 


The read or reset operation 
is initiated 
by writing 
the 
read/reset 
command 
sequence 
into the command 
reg- 
ister. 
Microprocessor 
read cycles 
retrieve 
array data 
from the memory. The device remains enabled for reads 
until the command 
register contents 
are altered. 


The device will automatically 
power-up 
in the read/reset 


state. In this case, a command 
sequence 
is not required 
to read data. Standard 
microprocessor 
read cycles will 


retrieve 
array data. This default 
value ensures that no 
spurious alteration of the memory content occurs during 
the power transition. 
Refer to the AC Read Characteris- 
tics and Waveforms 
for the specific timing parameters. 


Autoselect Command 


Flash 
memories 
are intended 
for use in applications 
where the local CPU alters memory contents. 
As such, 
manufacture 
and 
device 
codes 
must 
be 
accessible 
while the device 
resides 
in the target 
system. 
PROM 
programmers 
typically 
access 
the signature 
codes by 
raising A9 to a high voltage. However, 
multiplexing 
high 


voltage 
onto the address 
lines is not generally 
desired 
system design practice. 


The device contains a command 
autoselect operation to 
supplement 
traditional 
PROM programming 
methodol- 
ogy. The operation 
is initiated 
by writing the autoselect 


command 
sequence 
into the command 
register. Follow- 


ing the 
command 
write, 
a· read 
cycle 
from 
address 
XXOOH retrieves the manufacture 
code of 01 H. A read 


cycle from address XX01 H returns the device code A4H 
(see Table 3). All manufacturer 
and device 
codes will 


exhibit odd parity with the MSB (007) 
defined 
as the 
parity bit. 


Scanning 
the sector addresses 
(A16, A17, A18) while 
(A6, A 1, AO) = (0, 1,0) will produce a logical "1" at device 
output 000 
for a protected 
sector. 


To terminate 
the operation, 
it is necessary 
to write the 


read/reset 
command 
sequence 
into the register. 


Byte Programming 


The device 
is programmed 
on a byte-by-by1e 
basis. 


Programming 
is a four bus cycle operation. 
There are 
two "unlock" 
write 
cycles. 
These 
are followed 
by the 
program 
set-up 
command 
and 
data 
write 
cycles. 


Addresses 
are latched on the falling edge of CE or WE, 


whichever 
happens 
later and the data is latched on the 


rising edge of CE or WE, whichever 
happens first. The 


rising 
edge 
of CE or WE 
(whichever 
happens 
first) 


begins 
programming. 
Upon executing 
the Embedded 


Program Algorithm 
command 
sequence 
the system 
is 


not required to provide further controls 
or timings. 
The 


device 
will 
automatically 
provide 
adequate 
intemalty 


generated 
program 
pulses and verify the programmed 
cell margin. 


The 
automatic 
programming 
operation 
is completed 


when the data on 007 
is equivalent 
to data written to 


this bit (see Write Operation 
Status 
section) 
at which 
time the device returns to the read mode and addresses 
are no longer 
latched. 
Therefore, 
the device 
requires 


that a valid address to the device be supplied by the sys- 
tem at this particular 
instance of time. Hence, Data Polt- 


ing must be performed 
at the memory 
location which is 


being programmed. 


Any commands 
written to the chip during this period will 


be ignored. 
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Programming 
is allowed 
in any sequence 
and across 


sector 
boundaries. 
Beware 
that a data "0" cannot 
be 


prog1rammed back to a "1". Attempting 
to do so will prob- 
ably hang up the device 
(exceed timing limits), or per- 


haps result in an apparent success according to the data 
polling algorithm 
but a read from reseVread 
mode will 


show that the data is still "0". Only erase operations 
can 


convert "O"s to "1"s. 


Figure 
1 
illustrates 
the 
Embedded 
Programming 


Algorithm 
using 
typical 
command 
strings 
and 
bus 


operations. 
Chip Erase 


Chip erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 


then followed 
by the chip erase command. 


Chip erase does not require the user to program the de- 
vice 
prior 
to erase. 
Upon 
executing 
the 
Embedded 


Eraser ••Algorithm 
command 
sequence the device auto- 


matically 
will program 
and verify the entire memory for 
an alJzero data pattern prior to electrical erase. The sys- 
tem 
IS not required 
to provide 
any controls 
or timings 
during these operations. 


The automatic 
erase begins on the rising edge of the last 
WE pulse in the command 
sequence 
and terminates 


when the data on DO? is "1" (see Write Operation Status 
section) 
at which 
time 
the 
device 
returns 
to 
read 


the "lOde. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 


sector Erase 


Sector erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-Jp" command. 
Two more "unlock" write cycles are 


then followed by the sector erase command. 
The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(data) is latched on the rising edge of WE. A time-out of 
80 J.I.S from the rising edge of the last sector erase com- 
mandl will initiate the sector erase command(s). 
Please 


note. 
Do not attempt 
to write an invalid command 
se- 
quence during the sector erase operation. 
Otherwise, 
it 
will terminate 
the sector erase operation 
and the device 


will reset back into the read mode. 


Multiple 
sectors may be erased concurrently 
by writing 


the six bus cycle operations 
as described 
above. This 


sequence 
is followed 
with writes 
of the Sector 
Erase 


command 
to addresses 
in other sectors desired 
to be 


concurrently 
erased. The time between writes must be 


less than 80 ~s, otherwise 
that command 
will not be ac- 
cepted. 
It is recommended 
that processor 
interrupts 
be 


disabled 
during 
this time to guarantee 
this condition. 


The interrupts 
can be re-enabled 
after the last Sector 


Erase command 
is written. A time-out 
of 80 ~s from the 


rising edge of the last WE will initiate the execution of the 
Sector Erase command(s). 
If another falling edge of the 


WE occurs within the 80 ~s time-out window the timer is 


reset. (Monitor 003 to determine 
if the sector erase win- 


dow is still open, see section 003, 
Sector Erase Timer.) 


Any command 
other than Sector 
Erase or Erase Sus- 


pend during this period and afterwards 
will reset the de- 


vice to read 
mode, 
ignoring 
the 
previous 
command 


string. Resetting the device after it has begun execution 
will result in the data of the operated 
sectors being unde- 


fined 
(messed 
up). In that case, 
restart 
the erase on 
those sectors and allow them to complete. 
(Refer to the 


Write Operation 
Status section for Sector 
Erase Timer 


operation.) 
Loading the sector erase buffer may be done 
in any sequence 
and with any number of sectors (1 to 8). 


Sector erase does not require the user to program 
the 


device 
prior to erase. 
The device 
automatically 
pro- 


grams all memory locations in the sector(s) to be erased 
prior to electrical 
erase. When erasing 
a sector or sec- 


tors the remaining 
unselected 
sectors are not affected. 


The system 
is not required 
to provide 
any controls 
or 


timings during these operations. 


The automatic 
sector erase be..9.!!!.safter the 100 ~s time 


out from the rising edge ofthe WE pulse forthe 
last sec- 


tor erase command 
pulse and terminates 
when the data 


on DO? is "1" (see Write Operation 
Status 
section) 
at 
which time the device returns to read mode. During the 
execution of the Sector Erase command. 
only the Erase 


Suspend 
and Erase Resume 
commands 
are allowed. 


All other commands 
will reset the device to read mode. 


Data polling must be performed 
at an address within any 


of the sectors being erased. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 


Erase Suspend 


Erase Suspend 
command 
allows the user to interrupt 


the chip and then do data reads (not program) 
from a 


non-busy 
sector while 
it is in the middle 
of a Sector 


Erase operation 
(which 
may take up to several 
sec- 


onds). 
This command 
is applicable 
ONLY 
during the 


Sector Erase operation 
and will be ignored if written dur- 


ing the 
chip 
Erase 
or 
Programming 
operation. 
The 


Erase Suspend command 
(BO) will be allowed only dur- 


ing the Sector Erase Operation that will include the sec- 
tor 
erase 
time-out 
period 
after 
the 
Sector 
Erase 


commands 
(30). Writing this command 
during the time- 


out will result in immediate 
termination 
of the time-out 


period. Any subsequent 
writes of the Sector Erase com- 


mand will be taken 
as the Erase 
Resume 
command. 


Note that any other commands 
during the time out will 
reset the device to read mode. The addresses 
are don't- 
cares 
in writing 
the erase Suspend 
or Erase Resume 
commands. 


When the Erase Suspend 
command 
is written during a 


Sector 
Erase 
operation, 
the 
chip 
will 
take 
between 


0.1 J.I.S to 15 ~s to suspend 
the erase operation 
and go 


into erase suspended 
read mode (pseudo-read 
mode). 


during which the user can read from a sector that is NOT 
being erased. A read from a sector being erased may re- 
sult in invalid data. The user must monitor the toggle bit 
to determine 
if the chip has entered 
the pseudo-read 


mode, at which .time the toggle 
bit stops toggling. 
An 


address of a sector NOT being erased must be used to 
read the toggle bit, otherwise the user may encounter 
in- 


termittent 
problems. 
Note that the user must keep track 


of what state the chip is in since there is no external indi- 
cation of whether the chip is in pseudo-read 
mode or ac- 


tual read mode. Afterthe 
user writes the Erase Suspend 


command 
and waits until the toggle bit stops toggling, 
data reads from the device may then be performed. 
Any 


further 
writes 
of the Erase Suspend 
command 
at this 


time will be ignored. 


Every time an Erase Suspend command 
followed by an 


Erase Resume command 
is written, the internal (pulse) 


counters 
are reset. These counters 
are used to count 


the 
number 
of high voltage 
pulses 
the 
memory 
cell 
requires 
to program 
or erase. 
If the count 
exceeds 
a 


certain limit, then the 005 
bit will be set (Exceeded 
Time 


Limit flag). This resetting 
of the counters 
is necessary 


since 
the 
Erase 
Suspend 
command 
can 
potentially 
interrupt or disrupt the high voltage 
pulses. 


To resume the operation 
of Sector Erase, the Resume 


command 
(30) should be written. 
Any further 
writes of 


the 
Resume 
command 
at this 
point 
will 
be 
ignore. 


Another 
Erase Suspend 
command 
can be written after 


the chip has resumed. 


Status 
007 
OOG 
OOS 
003 
002-000 


In Progress 
Auto-Programming 
DO? 
Toggle 
0 
0 
(0) 


Program/Erase 
in Auto 
Erase 
0 
Toggle 
0 
1 


Exceeded 
Auto-Programming 
DO? 
Toggle 
1 
1 
(D) 


Time 
Limits 
Program/Erase 
in Auto-Erase 
0 
Toggle 
1 
1 


D07 
Data Polling 


The 
Am29F040 
device 
features 
Data 
Polling 
as a 
method to indicate to the host that the Embedded 
Algo- 
rithms are in progress or completed. 
During the Embed- 
ded Program 
Algorithm 
an attempt to read the device 
will produce 
the compliment 
of the data last written to 
007. 
Upon completion 
of the Embedded 
Program Algo- 


rithm, an attempt to read the device will produce the true 
data last written to 007. 
During the Embedded 
Erase 
Algorithm, 
an attempt to read the device will produce 
a 


"0" at the 007 
output. 
Upon completion 
of the Embed- 
ded Erase Algorithm 
an attempt to read the device will 


produce a "1" at the 007 
output. The flowchart for Data 
Polling (007) 
is shown in Figure 3. 


For chip erase, the Data Polling is valid after the rising 
edge of the sixth WE pulse 
in the six write pulse se- 
quence. 
For sector erase, the Data Polling is valid after 


the last rising edge of the sector erase WE pulse. Data 
Polling must be performed 
at sector address within any 


of the sectors being erased and not a protected 
sector. 


Otherwise, 
the status may not be valid. Once the Em- 
bedded 
Algorithm 
operation 
is close 
to being 
com- 
pleted, 
the Am29F040 
data pins (007) 
may change 
asynchronously 
while 
the output 
enable 
(OE) 
is as- 
serted low. This means that the device is driving status 
information 
on 007 
at one instant of time and then that 


byte's valid data at the next instant of time. Depending 
on when the system 
samples 
the 007 
output, 
it may 
read the status or valid data. Even if the device has com- 
pleted the Embedded 
Algorithm operation 
and 007 
has 


a valid data, the data outputs on 000-006 
may be still 


invalid. The valid data on 000-007 
will be read on the 
successive 
read attempts. 


The Data Polling feature 
is only active during the Em- 


bedded 
Programming 
Algorithm, 
Embedded 
Erase Al- 


gorithm, 
or sector erase time-out 
(see Table 6). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 
D06 
Toggle 
Bit 


The Am29F040 
also features 
the 
"Toggle 
Bit" as a 


method to indicate to the host system that the Embed- 
ded Algorithms 
are in progress 
or completed. 


During an Embedded 
Program 
or Erase Algorithm 
cy- 


cle, successive 
attempts to read (OE toggling) data from 


the device will result in 006 
toggling 
between 
one and 
zero. Once the Embedded 
Program or Erase Algorithm 


cycle is completed, 
006 will stop toggling and valid data 


will be read on the next successive 
attempts. 
During 


programming, 
the Toggle Bit is valid after the rising edge 
of the fourth WE pu lse in the four write pulse sequence. 
For chip erase, the Toggle 
Bit is valid after the rising 
edge of the sixth WE pulse 
in the six write pulse se- 


quence. 
For Sector 
erase, the Toggle 
Bit is valid after 


the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


In programming, 
if the sector 
being written 
to is pro- 


tected, the toggle bit will toggle for about 21ls and then 
stop toggling without the data having changed. 
In erase, 


the device will erase all the selected 
sectors except for 


the ones that are protected. 
If all selected 
sectors 
are 
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protected, the chip will toggle the toggle bit for about 100 
liS and then drop back into read mode, having changed 
nont 
of the data. 


Eith 
r CE or OE toggling 
will cause the D06 to toggle. 


See Figure 
12 for the Toggle 
Bit timing specifications 


and diagrams. 


DOS 
Exceeded 
Timing 
Limits 


D05 will indicate 
if the program 
or erase time has ex- 


ceeded the specified 
limits (internal pulse count). Under 


these conditions 
D05 will produce a "1". This is a failure 


condition which indicates 
that the program or erase cy- 


cle was not successfully 
completed. 
Data Polling is the 


only operating 
function 
of the device under this condi- 


tion. The CE circuit will partially 
power down the device 


underthese 
conditions 
(to approximately 
2 mAl. The OE 


and WE pins will control the output disable functions 
as 


described 
in Table 2. 


If this failure condition occurs during sector erase opera- 
tion,lit specifies that a particular 
sector is bad and it may 
not ~e reused, however, other sectors are still functional 
and may be used for the program 
or erase operation. 
The device must be reset to use other sectors. Write the 
Reset command 
sequence 
to the device, and then exe- 
cute program or erase command 
sequence. 
This allows 
the system to continue to use the other active sectors in 
the device. 


If this failure condition 
occurs during the chip erase op- 


eration, 
it specifies 
that the entire chip is bad or combi- 


nati 
n of sectors are bad. 


If this failure condition 
occurs during the byte program- 


ming operation, 
it specifies 
that the entire sector con- 


taining 
that 
byte 
is bad and this 
sector 
may 
not be 


reused, 
(other 
sectors 
are 
still 
functional 
and 
can 


be reused). 


The D05 failure condition 
may also appear if a user tries 


to pr9gram 
a non blank location without erasing. 
In this 


easel the device 
locks 
out and never 
completes 
the 


Embedded 
Algorithm 
operation. 
Hence, 
the 
system 


never 
reads 
a valid data on D07 
bit and D06 
never 


stops toggling. 
Once the device 
has exceeded 
timing 


limits, the D05 bit will indicate a "1." Please note that this 
is not a device 
failure 
condition 
since the device 
was 


incorrectly 
used. 


003 


1 
Sector 
Erase Timer 


After the completion 
of the initial sector erase command 


sequence 
the sector erase time-out will begin. D03 will 


remain low until the time-out 
is complete. 
Data Polling 


and Toggle 
Bit are valid after the initial sector 
erase 
command 
sequence. 


If Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, 
D03 may be 


used to determine 
if the sector erase timer window is still 


open. If D03 is high ("1") the internally controlled 
erase 
cycle 
has begun; 
attempts 
to write 
subsequent 
com- 


mands 
to the device 
will be ignored 
until the 
erase 
operation 
is completed 
as indicated 
by Data Polling or 
Toggle Bit. If D03 is low ("0"), the device will accept ad- 
ditional 
sector 
erase commands. 
To insure 
the com- 
mand has been accepted, 
the system software 
should 
check the status of D03 prior to and following 
each sub- 


sequent 
sector erase command. 
If D03 
were 
high on 
the second 
status check, the command 
may not have 
been accepted. 


Refer to Table 6; Hardware 
Sequence 
Flags. 


Data Protection 


The Am29F040 
is designed 
to offer protection 
against 
accidental 
erasure or programming 
caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device 
automatically 
resets 
the internal state machine in the Read mode. Also, with 
its control register architecture, 
alteration of the memory 
contents only occurs after successful 
completion 
of spe- 


cific multi-bus cycle command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 
prevent 
inadvertent 
write 
cycles 
resulting 
form 
Vcc 


power-up 
and power-down 
transitions 
or system noise. 
Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
cir- 
cuits are disabled. 
Under this condition 
the device will 
reset to the read mode. Subsequent 
writes will be ig- 
nored until the Vcc level is greater than VLKO. 
Write Pulse "Glitch" Protection 


Noise pulses of less than 5 ns (typical) on OE, CE orWE 
will not initiate a write cycle. 
Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 
CE = V'HorWE= 
V'H.To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 
Power-Up Write Inhibit 


Power-up of the device with WE = CE = VILand OE = VIH 
will not accept commands 
on the rising edge of WE. The 
internal state machine 
is automatically 
reset to the read 
mode on power-up. 
Sector Protect 


Sectors of the Am29F040 
may be hardware protected at 
the users factory. 
The protection 
circuitry 
will disable 
both 
program 
and 
erase 
functions 
for the 
protected 
sector(s). 
Requests 
to program 
or erase 
a protected 
sector will be ignored by the device. 


Write 
Program 
Command 
Sequence 


(see below) 


Bus Operations 
Command 
Sequence 
Comments 


Standby 
(Note 
1) 


Wr~e 
Program 
Valid Address/Data 
Sequence 


Read 
Data Polling 
to Verify 
Programming 


Standby 
(Note 
1) 
Compare 
Data Output 
to Data Expected 
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EMBEDDED ALGORITHMS 


Write 
Erase 
Command 
Sequence 
(see below) 


Data Polling 
or Toggle 
Bit 
Successfully 
Completed 


Chip Erase Command 
Sequence 


(Address/Command): 
Individual 
Sector/Multiple 
Sector 
Erase Command 
Sequence 
(Address/Command): 


Additional 
sector 


erase 
commands 


are optional 


,Bus 
Operations 
Command 
Sequence 
Comments 


Standby 


Write 
Erase 


Read 
Data Polling 
to Verify 
Erasure 


Standby 
Compare 
Output 
to FFH 


Read Byte 
(DOO-DOl) 
Addr=VA 


Read Byte 
(DOO-DOl) 


Addr=VA 


VA = Byte address for programming 


= Any of the sector addresses within the 


sector being erased during sector erase 
operation 
= XXXXH during chip erase 
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Read 
Byte 
(000-007) 
Addr=VA 


VA = Byte address 
for programming 


= any of the sector 
addresses 
within 
the 
sector 
being 
erased 
during 
sector 
erase 
operation 
= XXXXH 
during 
chip erase 


Read Byte 
(000-007) 
Addr=VA 


Note: 


006 
is rechecked 
even if DOS = "I" because 
006 
may stop toggling 
at the same time as DOS changing 
to "1", 


~ 
•• 
~,c" 
20 ns 


Figure 5. Maximum 
Negative 
Overshoot 
Waveform 


~'20",'~=~ 


V~+O,5V 
. 


2.0 V 


Storage Temperature 
Ceramic 
Packages 
. 
Plastic Packages 
. 


Ambient Temperature 
with Power Applied 
-55°C 
to +125°C 


Voltage with Respect to Ground 
All pins except A9 (Note 1) 
-20 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 
1. 
Minimum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions. 
inputs 
may undershoot 
Vss to -2.0 V 
for periods 
of up to 20 ns. Maximum 
DC voltage 
on output 
and 110pins is Vcc + 0.5 V. During 
voltage 
transitions, 
out- 
puts may overshoot 
to Vcc + 2.0 V for periods 
up to 20 ns. 


2. 
Minimum 
DC input voltage 
on A9 pin is -0.5 V. During 
volt- 
age transitions, 
A9 may undershoot 
V to -2.0 V for periods 
of up to 20 ns. Maximum 
DC input voltage on A9 is + 13.5 V 
which may overshoot 
to 14.0 Vss for periods 
up to 20 ns. 


3. 
No more than one output 
shorted 
at a time. Duration 
of the 
short circuit 
should 
not be greater 
than one second. 


. ... 
-65°C 
to +150°C 
. -65°C 
to +125°C 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 
ings" may cause 
permanent 
damage 
to the device. 
This is a 
stress 
rating 
only; functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the opera- 
tional sections 
of this specification 
is not implied. 
Exposure 
of 
the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 


tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Vec Supply 
Voltages 
Vector 
Am29F040-75 
.....•.... 
+4.75 V to +5.25 V 


Vee for Am29F040 
90, 120, 150 . . . . . . . . . . . . . . . . . +4.50 V to +5.50 V 


Operating 
ranges 
define 
those limits between 
which the func- 
tionality 
of the device is guaranteed. 
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DC CHARACTERISTICS 
T 
NMOSC 
'bl 
TlI 
ompatl 
e 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


III 
Input Load Current 
V,N = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
j.lA 


ILiT 
A9 Input Load Current 
Vcc = Vcc Max, A9 = 12.5 V 
50 
j.lA 


ILo 
Output 
Leakage 
Current 
VOUT = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
j.lA 


ICCl 
Vcc Active 
Current 
(Note 1) 
CE = VIL.OE 
= V,H 
40 
mA 


ICC2 
Vcc Active 
Current 
(Notes 2, 3) 
CE = VIL.OE 
= V,H 
60 
mA 


ICC3 
Vcc Standby 
Current 
Vcc = Vcc Max, CE = V,H.OE = V,H 
1.0 
mA 


VIL 
Input Low Level 
-0.5 
0.8 
V 


V,H 
Input High Level 
2.0 
Vcc 
V 
+ 0.5 


V,D 
Voltage 
for Autoselect 
Vcc= 
5.0 V 
11.5 
12.5 
V 
and Sector 
Protect 


VpL 
Output 
Low Voltage 
IOL = 12 mA, Vcc = Vcc Min 
0.45 
V 


VOH 
Output 
High Level 
IOH= -2.5 mA Vcc = Vcc Min 
2.4 
V 


VLKO 
Low Vcc Lock-Out 
Voltage 
3.2 
4.2 
V 


Notes: 


1. 
The Ice current 
listed includes 
both the DC operating 
current 
and the frequency 
dependent 
component 
(at 6 MHz). 


The frequency 
component 
typically 
is less than 2 mA/MHz, 
with OE at V,H. 


2. 
Ice active 
while Embedded 
Algorithm 
(program 
or erase) 
is in progress. 


3. 
Not 
100% tested. 


DC CHARACTERISTICS 
(continued) 


CMOS Compatible 


Parameter 
Symbol 
Parameter 
Description 
Test Conditions 
Mln 
Max 
Unit 


III 
Input Load Current 
VIN = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
j.lA 


lur 
A9 Input Load Current 
Vcc = Vcc Max, A9 = 12.5 V 
50 
j.lA 


ILO 
Output 
Leakage 
Current 
Your = Vss to Vcc, 
Vcc 
= Vcc Max 
±1.0 
j.lA 


Icc, 
Vcc Active 
Current 
(Note 
1) 
CE = VIL, DE = VIH 
40 
mA 


ICC2 
Vcc Active 
Current 
(Notes 
2, 3) 
CE = VIL. DE = VIH 
60 
mA 


ICC3 
Vcc Standby 
Current 
Vcc = Vcc Max, CE = Vcc ± 0.5 V. 
100 
j.lA 


DE = VIL 


VIL 
Input Low Level 
-0.5 
0.8 
V 


VIH 
Input High Level 
0.7x 
Vcc 
V 


Vcc 
+0.3 


VID 
Vo~age 
for Autoselect 
Vcc= 
5.0 V 
11.5 
12.5 
V 


and Sector 
Protect 


VOL 
Output 
Low Voltage 
tOL= 12.0 mA, Vcc 
= Vcc Min 
0.45 
V 


VOHl 
IOH= -2.5 
mA, Vcc = Vcc Min 
0.85 
V 


Vcc 
Output 
High Voltage 
VOH2 
IOH= -100 
IJ.A, Vcc = Vcc Min 
Vcc 
V 


-0.4 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
4.2 
V 


Notes: 


1. The Ice current listed includes both the DC operating current and the frequency dependent component (at 6 MHz). 


The frequency component typically is less than 2 mAlMHz, with OE at V,H. 


2. 
Ice active while Embedded Algorithm (program or erase) is in progress. 


3. 
Not 100% tested. 
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AC CHARACTERISTICS 


o 
0 
Read 
nly 
'perations Characteristics 


Parameter 
Symbols 


-75 
-90 
-120 
-150 


JEDEC 
Standard 
Description 
Test 
Setup 
(Note 
1) 
(Note 
2) 
(Note 
2) 
(Note 
2) 
Unit 


tAVAV 
tRC 
Read Cycle Time 
(Note 4) 
Min 
70 
90 
120 
150 
ns 


tAVQV 
tACC 
Address 
to Output 
Delay 
CE = VIL 
Max 
70 
90 
120 
150 
ns 


OE = VIL 


tELQV 
tCE 
Chip Enable 
to Output 
Delay 
OE = VIL 
Max 
70 
90 
120 
150 
ns 


tGLQV 
tOE 
Output 
Enable 
to 
Max 
30 
35 
50 
55 
ns 
Output 
Delay 


tEHQZ 
tOF 
Chip Enable 
to Output 
Max 
20 
20 
30 
35 
ns 
High Z (Notes 
3, 4) 


tGHqZ 
tOF 
Output 
Enable 
to Output 
20 
20 
30 
35 
ns 
High Z (Notes 
3, 4) 


tAXQX 
tOH 
Output 
Hold Time 
From 
Min 
0 
0 
0 
0 
ns 
Addresses, 
CE or OE, 


Whichever 
Occurs 
First 


Notes: 


1. 
Tlfst Conditions: 
Output 
Load: 
1 TTL gate and 30 pF 
Input rise and fall times: 5 ns 
Input pulse 
levels: 
0.0 V to 3.0 V 
Timing 
measurement 
reference 
level 
Input: 
1.5 V 
Output: 
1.5 V 


2. 
Test Conditions: 
Output 
Load: 
1 TTL gate and 
100 pF 


Input rise and fall times: 
20 ns 
Input pulse 
levels: 
0.45 
V to 2.4 V 
Timing 
measurement 
reference 
level 
Input: 0.8 and 2.0 V 
Output: 
0.8 and 2.0 V 


3. 
Output 
driver 
disable 
time. 


4. 
Not 
100% tested. 


Device 
Under 
Test 


IN3064 
or Equivalent 


Diodes = IN3064 
or Equivalent 


Notes: 


For -75: CL = 30 pF including 
jig capacitance 


For all others: 
CL = 100 pF including 
jig capacitance 


Write/Erase/Program 
Operations 


Parameter 
Svmbols 


JEDEC 
Standard 
Description 
-75 
-90 
-120 
-150 
Unit 


tAVAV 
twc 
Write 
Cycle Time 
(Note 4) 
Min 
70 
90 
120 
150 
ns 


tAvwL 
tAS 
Address 
Setup 
Time 
Min 
0 
0 
0 
a 
ns 


IwLAX 
IAH 
Address 
Hold Time 
Min 
45 
45 
50 
50 
ns 


tOVWH 
tos 
Data Setup 
Time 
Min 
30 
45 
50 
50 
ns 


tWHOX 
tOH 
Data Hold Time 
Min 
a 
0 
0 
a 
ns 


tOES 
Output 
Enable 
Setup 
Time 
Min 
a 
0 
a 
0 
ns 


Output 
EnablelRead 
(Note 4) 
Min 
a 
0 
a 
a 
ns 
tOEH 
Hold Time 
IToggle 
and Data Polling 
(Note 4) Min 
10 
10 
10 
10 
ns 


tGHWL 
tGHWL 
Read 
Recover 
Time 
Before 
Write 
Min 
0 
a 
0 
a 
ns 


tELWL 
tcs 
CE Setup 
Time 
Min 
0 
0 
a 
0 
ns 


tWHEH 
tCH 
CE Hold Time 
Min 
0 
0 
0 
0 
ns 


tWLWH 
twp 
Write 
Pulse Width 
Min 
35 
45 
50 
50 
ns 


tWHwL 
tWPH 
Write 
Pulse Width 
High 
Min 
20 
20 
20 
20 
ns 


tWHWH1 
tWHWH1 
Byte Programming 
Operation 
Min 
16 
16 
16 
16 
lis 


tWHWH2 
tWHwH2 
Erase Operation 
(Note 1) 
Min 
1.5 
1.5 
1.5 
1.5 
sec 


Max 
30 
30 
30 
30 
sec 


tvcs 
Vcc 
Set Up Time (Note 4) 
Min 
50 
50 
50 
50 
lis 


tVLHT 
Voltage 
Transition 
Time 
(Notes 2,4) 
Min 
'4 
4 
4 
4 
liS 


twpp 
Write 
Pulse Width 
(Note 2) 
Min 
100 
100 
100 
100 
liS 


tOEsP 
OE Setup 
Time to WE Active 
(Notes 2,4) 
Min 
4 
4 
4 
4 
liS 


tcsp 
CE Setup 
Time to WE Active 
(Notes 3,4) 
Min 
4 
4 
4 
4 
liS 


Notes: 


1. 
This does not include 
the preprogramming 
time. 


2. 
These timings are for Sector ProtectlUnprotect 
operations. 


3. 
This timing is only for Sector Unprotect. 


4. 
Not 100% tested. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 
INPUTS 
OUTPUTS 


Must Be 
Will Be 
Steady 
Steady 
\\\\\ 


May 
Will Be 
Change 
Changing 
from 
H to L 
from 
H to L 
IIIII 


May 
Will Be 
Change 
Changing 
from L to H 
from 
L to H 


'ft:IYtX 


Don't Care, 
Changing, 
Any Change 
State 


Permitted 
Unknown 
ll) err 


Does Not 
Center 
Apply 
Line is High- 
Impedance 
"Off" Stale 


KSOOOO10 


Addresses 
~~ 
A_d_d_r_es_s_el_~_:_ta_b_le 
t 
_ 
t 
IACC 
.' 
t 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
007 
is the output of the complement 
of the data written to the device. 


4. 
OOUT is the output of the data written to the device. 


5. 
Figure indicates 
last two bus cycles of four bus cycle sequence. 


Figure 9. Program 
Operation 
Timings 
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SWIITCHING WAVEFORMS 


tOE 


"007= 
Valid Data (The device has completed 
the Embedded 
operation). 


Data 


(000-007) 


AMD~ 


SECTOR PROTECTION ALGORITHMS 


Sector Protection 


The 
Am29F040 
features 
hardware 
sector 
protection 


which will disable both program and erase operations 
to 


an individual 
sector or any group of sectors. To activate 


this mode, the programming 
equipment 
must force VID 


on control 
pin OE and address 
pin A9. The sector ad- 


dresses 
should be set using higher address 
lines A 18, 


A17, and A16. The protection 
mechanism 
begins on the 


falling edge of the WE pulse and is terminated 
with the 


rising edge of the same. 


It is also possible to verify if a sector is protected 
during 


the sector protection 
operation. 
This is done by setting 


A6 = CE = OE = VIL and WE = VIH (A9 remains high at 
VID). Reading 
the device 
at address 
location 
XXX2H, 


where the higher order addresses 
(A18, A17, and A16) 


define a particular 
sector, will produce 01 H at data out- 


puts (000-007) 
for a protected 
sector. 


Sector Unprotect 


The Am29F040 
also features 
a sector unprotect 
mode, 


so that a protected 
sector may be unprotected 
to incor- 


porate any changes 
in the code. All sectors should be 
protected 
prior to unprotecting 
any sector. 


To activate 
this 
mode, 
the 
pr~mming 
equipment 
must force 
VID on control 
pins 
OE, 
CE, 
and address 
pin A9. The address 
pins A6, A16, and A12 should be 
set to VIH. The unprotection 
mechanism 
begins on the 
falling edge of the WE pulse and is terminated 
with the 
rising edge of the same. 


It is also possible to determine 
if a sector is unprotected 
in the system by writing the autoselect 
command 
and A6 
is set at VIH. Performing 
a read operation 
at address lo- 
cation XXX2H, where the higher order addresses 
(A 18, 


A17, and A16) define 
a particular 
sector address, 
will 
produce OOHat data outputs (000-007) 
for an unpro- 


tected sector. 
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Power 
Down 
OE 


WE = VIH 
CE = OE = VIL 
A9 should 
remain 
VID 


AMD it1 


~-------------------------~ 


12V -----------/Ff- -- 
5V 
---- 
. 


A9 


---- 
tVLHT 


12V ------- 
_ 


5V 


SAx = Sector Address 
for initial sector 


SAy = Sector 
Address 
for next sector 
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Notes: 


SAD = Sector 
Address 
for initial sector 
SA? = Sector 
Address 
for last sector 
Please 
refer to Table 4 for details. 


~i!: 
x 001/100110110111~~ 


AO 
1IIIIOIIIOIIOIIOOO/~t=A 


A1 
IOlollomoooooll1 
~~ 


12V---------- 
--- 
5 V- -- 


A9 


12 V - - - - - - - - - - - - - - - - 


5V 
--- 


OE 


AMD~ 


SAc X5~ 


SAc X5~ 


12 V - - - - - - - - - - - - - - -- 
5V 
--- 


CE 


Data----------------~8 
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AC CHARACTERISTICS 


Write/Erase/Program 
Operations 


Alternate CE Controlled 
Writes 


Parameter 
Svmbols 


JEDEC 
Standard 
Description 
-75 
-90 
-120 
-150 
Unit 


tAVAV 
twe 
Write 
Cycle 
Time 
(Note 4) 
Min 
70 
90 
120 
150 
ns 


tAvEL 
tAS 
Address 
Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tELAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
50 
ns 


tDvEH 
tDS 
Data Setup 
Time 
Min 
30 
45 
50 
50 
ns 


tEHOX 
tOH 
Data Hold Time 
Min 
0 
0 
0 
0 
ns 


tOES 
Output 
Enable 
Setup 
Time 
Min 
0 
0 
0 
0 
ns 


Output 
EnablelRead 
(Note 4) 
Min 
0 
0 
0 
0 
ns 
tOEH 
Hold Time 
IToggle 
and Data Polling 
(Note 4) Min 
10 
10 
10 
10 
ns 


tGHEL 
tGHEL 
Read 
Recover 
Time 
Before 
Write 
Min 
0 
0 
0 
0 
ns 


tWLEL 
tws 
WE Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tEHWH 
tWH 
WE Hold Time 
Min 
0 
0 
0 
0 
ns 


tELEH 
tep 
CE Pulse 
Width 
Min 
35 
45 
50 
50 
ns 


tEHEL 
tePH 
CE Pulse 
Width 
High 
Min 
20 
20 
20 
20 
ns 


tWHWHl 
tWHWH1 
Byte Programming 
Operation 
Min 
16 
16 
16 
16 
J.ls 


tWHWH2 
tWHWH2 
Erase 
Operation 
(Note 1) 
Min 
1.5 
1.5 
1.5 
1.5 
see 


Max 
30 
30 
30 
30 
see 


tves 
Vee Set Up Time (Note 4) 
Min 
50 
50 
50 
50 
J.ls 


Not~' 5: 
1. 
his does not include the preprogramming 
time. 


2. 
hese timings are for Sector ProtectlUnprotect 
operations. 


3. 
This timing is only for Sector Unprotect. 


4. 
Not 100% tested. 


~"5Hit 
p, 


twe 
tAS 


Data Polling 


""~ 
p, x~_>- 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
D07 is the output 
of the complement 
of the data written 
to the device. 


4. 
Dour 
is the output 
of the data 
written 
to the device. 


5. 
Figure 
indicates 
last two bus cycles 
of four bus cycle sequence. 


AMD~ 
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Limits 


Parameter 
Min 
Typ 
Max 
Unit 
Comments 


Chip and Sector 
Erase 
Time 
1.5 
30 
sec 
Excludes 
OOH programming 
(Note 1) 
prior to erasure 


Byte Programming 
Time 
16 
1000 
Ils 
Excludes 
system-level 
overhead 
(Note 2) 


Cnip Programming 
Time 
8.5 
50 
sec 
Excludes 
system-level 
overhead 
(Note 1) 


EraselProgram 
Cycles 
100,000 
1,000,000 
Cycles 


Notes: 


1. 
25"C,5 
V Vcc, 
toO,OOO cycles 


2. 
When programming 
a "1" over a "0", the Embedded 
Algorithms 
allow for 48 ms byte program 
time. 


Min 
Max 


Ir'lput Voltage 
with respect 
to Vss on all 1/0 pins 
-1.0 V 
Vcc + 1.0 V 


Vcc 
Current 
-100 mA 
+100 mA 


Parameter 
Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = a 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT ~ a 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
VIN = a 
7.5 
9 
pF 


Notes: 


1. 
Sampled, 
not 100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


Parameter 
Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = a 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = a 
8.5 
12 
pF 


Clm 
Control 
Pin Capacitance 
VIN ~ a 
7.5 
9 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


Parameter 


Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
4 
6 
pF 


COUT 
Output 
Capacitance 
VOUT 
= 0 
8 
12 
pF 


CIN2 
Control 
Pin Capacitance 
VPp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 100% tested. 


2. 
Test conditions 
TA = 2SOC, f = 1.0 MHz 


Parameter 
Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN =0 
4 
6 
pF 


COUT 
Output 
Capacitance 
VOUT 
= 0 
8 
12 
pF 


CIN2 
Control 
Pin Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 2SOC,f = 1.0 MHz 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


~ 
AMD 


DATA SHEET REVISION SUMMARY FOR 
Am29F040 


Title 


Sp~Cify "4 Megabit" density. 


Distinctive 
Characteristics 


Include "Read" under first bullet. 


General 
Description 


Include statement 
"Am29F040 
is erased when shipped 


from factory." 


Autoselect 


Co~rection in text (VIO) from 13 V to 12.5 V. 


Table 5. Am29F040 
Command 
Definition 


Clarify 
Note 1, remove A 16, A 17. and A 18 in second 


sentence. 


Byte Programming 


Clarify the statement 
"hang up the device" 
by including 


"exceed timing limits." 


DC Characteristics 
CMOS Compatible 
Table 


Add parameters 
Ill: "Input Load Current" and JUT: "A9 In- 


put Load 
Current" 
to be consistent 
with 
nUNMOS 


compatible 
table. 


Figure 12. AC Waveforms 
for Toggle 
Bit during 


Embedded 
Algorithm 
Operations 


Identify parameter 
'10ES" 


Figure 15. AC Waveforms 
for Sector Protection 


CE Waveform 
is altered to show preferred 
method; this 


change is also reflected 
in Figure 13. Sector Protection 


Algorithm 
flow chart. 


Data Retention 
Table 


Added to be consistent 
with all other data sheets. 


- 
Am29F400T/ Am29F400B 
4 Megabit (524,288 x 8-Bit/262,144 x 16-Bit) CMOS 5.0 Volt-only, 
Sector Erase Flash Memory 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
5.0 V ± 10% read, write, 
and erase 


- 
Minimizes 
system level power requirements 
• 
Compatible 
with 
JEDEC-standard 
commands 


- 
Uses same software 
commands 
as E2PROMs 


• 
Compatible 
with JEDEC-standard 
word-wide 


pinouts 


- 
44-pinSO 
- 
48-pin TSOP 
• 
Minimum 
100,000 write/erase 
cycles 


• 
High performance 
- 
70 ns maximum 
access time 


• 
Sector 
erase architecture 
- 
One 16 Kby1e, two 8 Kbytes, one 32 Kbyte, 
and seven 64 Kby1es 
- 
Any combination 
of sectors can be concurrently 
erased. Also supports 
full chip erase. 


• 
Embedded 
Erase Algorithms 


- 
Automatically 
pre-programs 
and erases the 
chip or any sector 


• 
Embedded 
Program 
Algorithms 


- 
Automatically 
writes and verifies data at 


specified 
address 
• 
Data Polling 
and Toggle 
Bit feature 
for detec- 


tion 
of program 
or erase cycle 
completion 


• 
Low power 
consumption 
- 
20 mA typical active read current for Byte Mode 


- 
28 mA typical active read current for Word 
Mode 


- 
30 mA typical write/erase 
current 


- 
25 IJA typical standby current 


• 
Low Vcc write 
inhibit:'> 
3.2 V 


• 
Sector 
protection 
- 
Hardware 
method disables 
any combination 
of 


sectors from write or erase operations 


• 
Erase Suspend/Resume 
- 
Suspends 
the erase operation 
to allow a read in 


another sector within the same device 


• 
Boot Code Sector 
Architecture 


- 
T = Top sector 
- 
B = Bottom sector 


GENERAL DESCRIPTION 


The Am29F400 
is a 4 Mbit, 5.0 V-only Flash memory or- 


ganized 
as 512K bytes of 8 bits each or 256K words of 


16 bits each. The Am29F400 
is offered in 44-pin SO and 


48-pin TSOP packages. 
This device 
is designed 
to be 
programmed 
in-system 
with the standard 
system 5.0 V 


Vcc 
supply. 
A 
12.0 
V 
Vpp 
is 
not 
required 
for 
write or erase 
operations. 
The 
device 
can 
also 
be 
reprogrammed 
in standard 
EPROM programmers. 
The 
Am29F400 
is erased when shipped from the factory. 


The standard 
Am29F400 
offers access times between 


70 ns and 150 ns, allowing operation 
of high-speed 
mi- 
croprocessors 
without 
wait 
states. 
To eliminate 
bus 


contention 
the device 
has separate 
c~ 
enable 
(GE), 


write enable (WE) and output enable (OE) controls. 


The Am29 F400 is pin and command 
set compatible 
with 


JEDEC standard 4 Mbit E2pROMs. Commands 
are writ- 


ten to the command 
register using standard 
micropro- 
cessor write timings. 
Register contents serve as input to 
an internal state-machine 
which controls the erase and 


programming 
circuitry. Write cycles also internally 
latch 
addresses 
and data needed for the programming 
and 
erase operations. 
Reading data out of the device is simi- 


lar to reading from 12.0 V Flash or EPROM devices. 


Family Part No: 
Am29F400 


Ordering Part No: 
Vcc = 5.0 V ± 5% 
-75 


Vcc = 5.0 V ± 10% 
-90 
-120 
-150 
Max Access Time (ns) 
70 
90 
120 
150 


CE (E) Access (ns) 
70 
90 
120 
150 


OE (G) Access (ns) 
30 
35 
50 
55 


This document 
contains information 
on a product 
under development 
at Advanced 
Micro Devices, 
Inc. The informaJion 


is intended 
10 help you evaluale 
this product. 
AMD reserves 
Ihe righl 10change 
or discontinue 
work on this pr~ed 


producl 
without 
nmice. 


Th 
Am29F400 
is programmed 
by executing 
the pro- 
gram command 
sequence. 
This will invoke the Embed- 


ded Program 
Algorithm 
which 
is an internal 
algorithm 


that automatically 
times the program 
pulse widths and 


verifies proper cell margin. Typically, each sector can be 
programmed 
and 
verified 
in less than 
one 
second. 
ErClse is accomplished 
by executing 
the erase 
com- 


mand sequence. 
This will invoke the Embedded 
Erase 


Algorithm 
which is an internal 
algorithm 
that automati- 


cally 
preprograms 
the 
array 
if it is not already 
pro- 
grammed 
before executing 
the erase operation. 
During 


era~e, the device 
automatically 
times the erase pulse 


widths and verifies 
proper cell margin. 


The 
entire 
chip 
or any 
individual 
sector 
is typically 


erased and verified in 1.5 seconds (if already completely 
preprogrammed) 
. 


This device 
also features 
a sector 
erase architecture. 


The sector mode allows each sector to be erased and 
reprogrammed 
without 
affecting 
other sectors. 


The device features single 5.0 V power supply operation 
for both read and write functions. 
Internally 
generated 


andl regulated 
voltages 
are provided 
for the program 


and erase operations. 
A low Ve<; detector 
automatically 


inhibits write operations 
on the loss of power. The end of 


programorerase 
is detected by Data Polli~of 
007, 
by 


the Toggle Bit feature on 006, 
or the RY/BY pin. Once 


the end of a program 
or erase cycle 
has been com- 


pleted, the device internally 
resets to the read mode. 


AMO's 
Flash technology 
combines 
years 
of EPROM 


and E2PROM experience 
to produce the highest levels 


of 
quality, 
reliability 
and 
cost 
effectiveness. 
The 


Am29F400 
memory electrically 
erases the entire chipor 


all 
bits 
within 
a 
sector 
simultaneously 
via 
Fowler- 


Nordhiem tunneling. 
The byteslwords 
are programmed 


one byte/word 
at a time using the EPROM programming 


mechanism 
of hot electron 
injection. 


Flexible Sector-Erase Architecture 


• 
One 16 Kbyte, two 8 Kbytes, one 32 Kbyte, and 
seven 64 Kbytes, 


• 
Individual-sector, 
multiple-sector, 
or bulk-erase 


capability 


• 
Individual 
or multiple-sector 
protection 
is user 


definable 


16 Kbyte 


8 Kbyte 


8 Kbyte 


32 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


64 Kbyte 


32 Kbyte 


8 Kbyte 


8 Kbyte 


16 Kbyte 


7FFFFh 


7BFFFh 


79FFFh 


77FFFh 


6FFFFh 


5FFFFh 


4FFFFh 


3FFFFh 


2FFFFh 


1FFFFh 


OFFFFh 


OOOOOh 


7FFFFh 


6FFFFh 


5FFFFh 


4FFFFh 


3FFFFh 


2FFFFh 


1FFFFh 


OFFFFh 


07FFFh 


05FFFh 


03FFFh 


OOOOOh 


AMD~ 


~ 
AMD 


CONNECTION DIAGRAMS 


PRELIMINARY 


SO 


NC 
RESET 


RY/BY 
WE 


A17 
A8 


A7 
A9 


A6 
Alo 


A5 
All 


A4 
A12 


A3 
A13 


A2 
A14 


Al 
A15 


AD 
A16 


CE 
BYTE 


Vss 
Vss 


OE 
D015/A-l 


DOo 
D07 


D08 
D014 


DOl 
D06 


D09 
D013 


D02 
D05 


DOlO 
D012 


D03 
D04 


DOll 
Vcc 


18612A-4 


A15 
10 
48 
A16 
A14 
2 
47 
BYTE 
A13 
3 
46 
Vss 
A12 
4 
45 
DOI5/A-l 
All 
5 
44 
D07 
Al0 
6 
43 
D014 
A9 
7 
42 
D06 
A8 
8 
41 
D013 
NC 
9 
40 
D05 
NC 
10 
39 
D012 
WE 
11 
38 
D04 
RESET 
12 
37 
Vcc 
NC 
13 
36 
DOll 
NC 
14 
35 
D03 
RY/BY 
15 
34 
DOlO 
NC 
16 
33 
D02 
A17 
17 
32 
D09 
A7 
18 
31 
DOl 
A6 
19 
30 
D08 
A5 
20 
29 
DOO 
A4 
21 
28 
OE 
A3 
22 
27 
Vss 


A2 
23 
26 
CE 
Al 
24 
25 
AO 


Standard 
TSOP 
18612A-5 


A16 
1 '" 
48 
A15 
BYTE 
2 
47 
A14 


Vss 
3 
46 
A13 
DOI5/A-l 
4 
45 
A12 
DO? 
5 
44 
All 
D014 
6 
43 
Al0 
D06 
7 
42 
A9 
D013 
8 
41 
A8 
D05 
9 
40 
NC 
D012 
10 
39 
NC 
D04 
11 
38 
WE 
Vcc 
12 
37 
RESET 
DOll 
13 
36 
NC 
D03 
14 
35 
NC 
DOlO 
15 
34 
RY/BY 
D02 
16 
33 
NC 
D09 
17 
32 
A17 
DOl 
18 
31 
A7 
D08 
19 
30 
A6 
DOO 
20 
29 
A5 
OE 
21 
28 
A4 


Vss 
22 
27 
A3 
CE 
23 
26 
A2 
AO 
24 
25 
Al 


Reverse TSOP 
18612A-6 
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lOGIC SYMBOL 


CE (E) 


OE{G) 


WE(W) 


RY/BY 


RESET 


BYTE 


Pin 
Function 


A-1, AD-A17 
Address 
Inputs 


000-0015 
Data Input/Output 


CE 
Chip Enable 
- 
Output 
Enable 
OE 


WE 
Write 
Enable 


RY/BY 
Ready-Busy 
Input 


RESET 
Hardware 
Reset 
Pin/Sector 
Protect 
Unlock 


BYTE 
Selects 
a-bit or 16-bit mode 


NC 
No Internal 
Connection 


Vss 
Device 
Ground 


Vcc 
Device 
Power 
Supply 
(5.0 V ± 10% o.r± 5%) 


ORDERING INFORMATION 


Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 
formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 


Blank 
= Standard 
Processing 


B = Burn-In 


TEMPERATURE 
RANGE 


C = Commercial 
(O°C to + 70°C) 


I 
= 
Industrial 
(-40°C 
to +85°C) 


E = Extended 
(-55°C 
to +125°C) 


PACKAGE 
TYPE 
E = 48-Pin 
Thin Small 
Outline 
Package 
(TSOP) 
Standard 
Pinout 
(TS 048) 


F = 48-Pin 
Thin Small 
Outline 
Package 
(TSOP) 
Reverse 
Pinout 
(TSR 048) 
S = 44-Pin 
Small Outline 
Package, 
(SO 044) 


SPEED 
OPTION 


See Product 
Selector 
Guide 
and 
Valid Combinations 


BOOT 
CODE 
SECTOR 
ARCHITECTURE 


T = Top sector 
B = Bottom 
sector 


DEVICE 
NUMBER/DESCRIPTION 


Am29F400 
4 Megabit 
(512K 
x 8-Bit or 256K x 16-Bit) 
CMOS 
Flash Memory 
5.0 V-only 
Program 
and Erase 


Valid 
Combinations 


Am29F400TlB-75 
EC, FC, SC 


Am29F400T/B-90 
EC, EI, FC, FI, EE, 


Am29F400T/B-120 
EEB, 
FE, FEB, SC, 


Am29F400T/B-150 
SI, SE, SEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to be 
supported 
in volume 
for this device. 
Consult 
the lo- 


cal AMD sales office to confirm 
availability 
of specific 
valid combinations 
and to check 
on newly 
released 
combinations. 
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Operation 
CE 
OE 
WE 
AD 
Al 
A6 
A9 
OQD-OQ15 
RESET 


Auto-Select Manufacturer Code (1) 
L 
L 
H 
L 
L 
L 
VID 
Code 
H 


Auto-Select Device Code (1) 
L 
L 
H 
H 
L 
L 
VID 
Code 
H 


Read (3) 
L 
L 
H 
AD 
A1 
A6 
A9 
DouT 
H 


Standby 
H 
X 
X 
X 
X 
X 
X 
HIGHZ 
H 


Output Disable 
L 
H 
H 
X 
X 
X 
X 
HIGHZ 
X 


Write 
L 
H 
L 
AD 
A1 
A6 
A9 
DIN 
H 


Enable Sector Protect 
L 
VID 
L 
X 
X 
X 
VID 
X 
H 


Verify Sector Protect (2) 
L 
L 
H 
L 
H 
L 
VID 
Code 
H 


Temporary Sector Unprotect 
X 
X 
X 
X 
X 
X 
X 
X 
VID 


Reset (Hardware) 
X 
X 
X 
X 
X 
X 
X 
HIGHZ 
L 


Operation 
CE 
OE 
WE 
AD 
Al 
A6 
A9 
OQD-OQ7 
RESET 


Auto-Select Manufacturer Code (1) 
L 
L 
H 
L 
L 
L 
VID 
Code 
H 


Auto-Select Device Code (1) 
L 
L 
H 
H 
L 
L 
VID 
Code 
H 


Read (3) 
L 
L 
H 
AD 
A1 
A6 
A9 
DouT 
H 


Standby 
H 
X 
X 
X 
X 
X 
X 
HIGHZ 
H 


Output Disable 
L 
H 
H 
X 
X 
X 
X 
HIGHZ 
X 


Write 
L 
H 
L 
AD 
A1 
A6 
A9 
DIN 
H 


Enable Sector Protect 
L 
VID 
L 
X 
X 
X 
VID 
X 
H 


Verify Sector Protect (2) 
L 
L 
H 
L 
H 
L 
VID 
Code 
H 


Temporary Sector Unprotect 
X 
X 
X 
X 
X 
X 
X 
X 
VID 


Reset (Hardware) 
X 
X 
X 
X 
X 
X 
X 
HIGHZ 
L 


Legend: 


LlVIL, H = VIH, X = Don't 
Care. See DC Characteristics 
for voltage 
levels. 


Notes: 


1. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 
7. 


2. 
Refer 
to the section 
on Sector 
Protection. 


3. 
WE can be 
VIL if OE is VIL, OE ar VIH initiates 
the write operations. 


Read Mode 


The Am29F400 
has two control functions which must be 
satisfied in order to obtain data at the outputs. CE is the 
~er 
control and should be used for device selection. 


OE is the output control and should be used to gate data 
to t~e output pins if a device is selected. 


Address 
access time (tACC)is equal to the delay from 


stable addresses 
to valid output data. The chip enable 


access time (tCE)is the delay from stable addresses 
and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming 
the addresses 


have been stable for at least tACC-toE time). 
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Standby Mode 


The 
Am29F400 
has two 
standby 
modes, 
a CMOS 


standby mode (CE input held at Vcc ± 0.5 V), when the 
current 
consumed 
is less than 
100 ~A; 
and 
a TIL 


standby 
mode (CE is held at VIH) when the current 
re- 


quired is reduced to approximately 
1 mA. In the standby 


mode the outputs 
are in a high impedance 
state, inde- 
pendent 
of the OE input. 


If the device 
is deselected 
during erasure or program- 
ming, the device will draw active current until the opera- 
tion is completed. 
Output Disable 


With the OE input at a logic high level (VIH), output from 
the device is disabled. 
This will cause the output pins to 


be in a high impedance 
state. 
Autoselect 


The autoselect 
mode allows the reading out of a binary 


code from the device and will identify its manufacturer 
and type. This mode is intended for use by programming 
equipment 
for the purpose 
of automatically 
matching 
the device 
to be programmed 
with its corresponding 


programming 
algorithm. 
This 
mode is functional 
over 
the entire temperature 
range of the device. 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VIO(11 .5 V to 12.5 V) on address pin A9. Two 
identifier bytes may then be sequenced 
from the device 


outputs 
by toggling 
address 
AD from VIL to VIH. All ad- 


dresses 
are don't cares except AO, A1, and A6. 


The manufacturer 
and device codes may also be read 
via 
the 
command 
register, 
for 
instances 
when 
the 


Am29F4DD is erased or programmed 
in a system with- 


out access to high voltage on the A9 pin. The command 
sequence 
is illustrated 
in Table 7 (refer to Autoselect 


Command 
section). 


Byte D (AD = VIL) represents 
the manufacturer's 
code 
(AMD=01 H) and byte 1 (AO = VIH) the device 
identifier 


code (Am29F400T 
= 23H and Am29F400B 
= ABH for x8 


mode; Am29F400T 
= 2223H and Am29F400B 
= 22ABH 


for x16 mode). These two bytes/words 
are given in the 


table below. All identifiers 
for manufacturer 
and device 
will exhibit odd parity with D07 defined as the parity bit. 
In order to read the proper device codes when executing 
the autoselect, 
A 1 must be VIL (see Tables 4.1 and 4.2). 


Type 
A12-A17 
A6 
A1 
AO 
Code (HEX) 


Manufacturer's Code 
X 
VIL 
VIL 
VIL 
01H 


Am29F400T 


Byte 
23H 
Am29F400 
X 
VIL 
VIL 
VIH 
Word 
2223H 
Device 
Code 
Am29F400B 
Byte 


X 


ABH 
VIL 
VIL 
VIH 
Word 
22ABH 


Sector Protection 
Sector 
VIL 
VIH 
VIL 
01W 
Addresses 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Type 
Code 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 


15 
14 
13 
12 
11 
10 
9 
B 
7 
6 
5 
4 
3 
2 
1 
0 
Manufacturer's Code 
01H 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


Am29F400 
Am29F400T(B) 
23H 
A-I 
HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z 
HI-Z 
0 
0 
1 
0 
0 
0 
1 
1 


Device 
(W 
2223H 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 


Code 
Am29F400B(B) 
ABH 
A-I 
HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z 
HI-Z 
1 
0 
1 
0 
1 
0 
1 
1 


(Wi 22ABH 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
1 


Sector Protection 
01H 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


(B) - Byte mode 


(W) - 
Word mode 


~ 
AMD 
PRELIMINARY 


Table 5. Sector Address Tables (Am29F400T) 


A17 
A16 
A15 
A14 
A13 
A12 
Address 
Range 


I 
SAO 
0 
0 
0 
X 
X 
X 
OOOOOh-OFFFFh 


SA1 
0 
0 
1 
X 
X 
X 
1OOOOh-1 FFFFh 


SA2 
0 
1 
0 
X 
X 
X 
20000h-2FFFFh 


SA3 
0 
1 
1 
X 
X 
X 
30000h-3FFFFh 


SM 
1 
0 
0 
X 
X 
X 
40000h-4FFFFh 


SA5 
1 
0 
1 
X 
X 
X 
50000h-5FFFFh 


SA6 
1 
1 
0 
X 
X 
X 
60000h-6FFFFh 


SA7 
1 
1 
1 
0 
X 
X 
70000h-77FFFh 


SA8 
1 
1 
1 
1 
0 
0 
78000h-79FFFh 


SA9 
1 
1 
1 
1 
0 
1 
7AOOOh-7BFFFh 


SA10 
1 
1 
1 
1 
1 
X 
7COOOh-7FFFFh 


A17 
A16 
A15 
A14 
A13 
A12 
Address 
Range 


SAO 
0 
0 
0 
0 
0 
X 
OOOOOh-03FFFh 


SA1 
0 
0 
0 
0 
1 
0 
04000h-05FFFh 


SA2 
0 
0 
0 
0 
1 
1 
06000h-07FFFh 


SA3 
0 
0 
0 
1 
X 
X 
08000h-OFFFFh 


SM 
0 
0 
1 
X 
X 
X 
10000h-1FFFFh 


SA5 
0 
1 
0 
X 
X 
X 
20000h-2FFFFh 


SA6 
0 
1 
1 
X 
X 
X 
30000h-3FFFFh 


SA7 
1 
0 
0 
X 
X 
X 
40000h-4FFFFh 


SA8 
1 
0 
1 
X 
X 
X 
50000h-5FFFFh 


SA9 
1 
1 
0 
X 
X 
X 
60000h-6FFFFh 


SA10 
1 
1 
1 
X 
X 
X 
70000h-7FFFFh 


Write 


Device erasure and programming 
are accomplished 
via 


the command 
register. 
The 
contents 
of the 
register 


serve as inputs to the internal state machine. The state 
machine 
outputs dictate the function 
of the device. 


The command 
register 
itself does not occupy 
any ad- 
dressable 
memory location. The register is a latch used 


to store the commands, 
along with the address and data 


information 
needed to execute the command. 
The com- 
mand register is written to by bringing WE to VIL, while 
CE is at VIL and OE is at VIH. Addresses 
are latched on 


the falling edge of WE or CE, whichever 
happens 
later; 
while data is latched on the rising edge of WE or CE, 


whichever 
happens first. Standard microprocessor 
write 
timings are used. 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 


Sector Protection 


The Am29F400 
features 
hardware 
sector 
protection. 


This feature will disable both program 
and erase opera- 


tions in any number of sectors (0 through 10). The sector 
protect 
feature 
is enabled 
using 
programming 
equip- 


ment at the user's site. The device 
is shipped 
with all 
sectors 
unprotected. 
Alternatively, 
AMD may program 


and protect 
sectors 
in the factory 
prior to shipping 
the 
device (AMD's 
ExpressFlash™ 
Service). 


To activate 
this 
mode, 
the 
programming 
equipment 


must force 
VID on address 
pin A9 and control 
pin OE, 
(suggest 
VID = 11.5 
V) 
and CE = VIL. The sector 
ad- 


dresses (A 17, A16, A15, A 14, A13, and A12) should be 
set to the sector to be protected. 
Tables 5 and 6 define 


the sector address for each of the eleven (11) individual 
sectors. 
Programming 
of the protection 
circuitry begins 


on the falling edge of the WE pulse and is terminated 
with the rising edge of the same. Sector addresses 
must 


be held constant 
during the WE pulse. Refer to figures 


17 
and 
18 
for 
sector 
protection 
algorithm 
and 


waveforms. 


To verify 
programming 
of the protection 
circuitry, 
the 


programming 
equipment 
must force VID on address pin 


A9 with CE and OE at VIL and WE at VIH. Scanning 
the 


sector addresses 
(A17, A16, A15, A14, A13, and A12) 
while (A6, A1, AO) = (0,1,0) 
will produce 
a logical "1" 
code at device output 000 for a protected sector. Other- 
wise the device 
will produce 
OOH for an unprotected 


sector. In this mode, the lower order addresses, 
except 


for AO, A1, and A6 are don't care. Address locations with 
A1 = VIL are reserved for Autoselect 
manufacturer 
and 
device codes. 


It is also possible to determine 
if a sector is protected 
in 
the system by writing an Autoselect 
command. 
Perform- 
ing a read operation 
at the address 
location 
XX02H, 
where the higher order addresses 
(A 17, A 16, A15, A14, 
A 13, and A 12) are the sector address will produce a logi- 
cal "1" at 000 
for a protected 
sector. See Table 4.1 for 
Autoselect 
codes. 
Temporary Sector Unprotect 


This feature 
allows 
temporary 
unprotection 
of previ- 
ously 
protected 
sectors 
of the 
Am29F400 
device 
in 
order to change 
data. The Sector 
Unprotect 
mode is 
activated 
by setting 
the 
RESET 
pin to high voltage 


(12 V). During 
this 
mode, 
formerly 
protected 
sectors 
can be programmed 
or erased 
by selecting 
the sector 


addresses. 
Once the 12 V is taken away from the RE- 


SET pin, all the previously 
protected 
sectors will be pro- 


tected again. 
Sector Unprotect 


The Am29F400 
also features 
a sector unprotect 
mode, 


so that a protected 
sector may be unprotected 
to incor- 
porate any changes 
in the code. All sectors should be 


protected 
prior to unprotecting 
any sector. 


To activate 
this 
mode, 
the 
programming 
equipment 


must force 
VID on control 
pin OE and address 
pin A9. 
The CE and AO pins must be set at VIL. Pins A6 and A1 
must be set to VIH. Refer to Figure 19 for the sector un- 
protect algorithm. 
The unprotection 
mechanism 
begins 


on the falling edge of the WE pulse and is terminated 
with the rising edge of the same. 


It is also possible to determine 
if a sector is unprotected 


in the system by writing the autoselect 
command 
and A6 


is set at VIL. Performing 
a read operation 
at address lo- 
cation XXX2H, where the higher order addresses 
(A 17, 
A 16, A 15, A 14, A 13, and A 12) define a particular 
sector 
address, will produce 
OOH at data outputs 
(000-007) 
for an unprotected 
sector. 


Command Definitions 


Device operations 
are selected 
by writing 
specific 
ad- 


dress and data sequences 
into the command 
register. 


Writing 
incorrect 
address 
and data values 
or writing 


them in the improper 
sequence 
will reset the device 


to the 
read 
mode. 
Table 
7 defines 
the valid register 
command 
sequences. 
Note 
that the 
Erase 
Suspend 
(BO) and Erase Resume 
(30) commands 
are valid only 
while the Sector Erase operation 
is in progress. 
Either of 


the two reset commands 
will reset the device (when ap- 
plicable). 
Please note that commands 
are always writ- 
ten at 000-007 
and 008-0015 
bits are ignored. 
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Bus 
Fourth Bus 
Sixth Bus 
First Bus 
Second 
Bus 
Third Bus 
ReadlWrite 
Fifth Bus 
Command 
Write 
Write Cycle 
Write Cycle 
Write Cycle 
Cycle 
Write Cycle 
Write Cycle 
Sequence 
Cycles 
Read/Reset 
Req'd 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Oala 
Addr 
Data 


Read/Reset 
1 
XXXXH 
FOH 


Read/Reset 
~ 
4 
I 5555H 
AAH 2AAAH 
55H 
5555H 
FOH 
RA 
RD 
- 
- 
Byte 
AAAAH 
5555H 
AAAAH 


Autoselect 
Word 
4 
I 5555H 
AAH 2AAAH 
55H 
5555H 
90H 
- 
- 
- 
Byte 
AAAAH 
5555H 
AAAAH 


Program 
Word 
4 
5555H 
AAH 2AAAH 
55H 
5555H 
AOH 
PA 
Data 
- 
f-- 
- 
AAAAH 
Byte 
AAAAH 
5555H 


Chip' Erase 
~ 
6 


I :~~~~ 
AAH 2AAAH 
55H 
~ 


SOH 
5555H 
AAH 
2AAAH 
55H ~ 
10H 


Byte 
5555H 
AAAAH 
"s555H 
AAAAH 


Sector Erase 
Word 
6 
5555H 
AAH 2AAAH 
55H 
5555H 
SOH 
5555H 
AAH 
2AAAH 
55H 
SA 
30H 
- 
f-- 


'5555H 
IAAAAH 
- 
Byte 
AAAAH 
AAAAH 
5555H 


Sector Erase Suspend 
Erase can be suspended during sector erase with Addr (don't care), Data (SOH) 


Sector Erase Resume 
Erase can be resumed after suspend with Addr (don't care), Data (30H) 


Notes: 


1. 
Address 
bit A 15 = X = Don't 
Care for all address 
commands 
except 
for Program 
Address 
(PA) and Sector 
Address 
(SA). 


Write Sequences 
may be initiated 
with A 15 in either state. 


2. 
Address 
bits A 16 = X = Don't 
Care for all address 
commands 
except 
for Program 
Address 
(PA) and Sector 
Address 
(SA). 


3. 
Bus operations 
are defined 
in Table 2. 


4. 
RA = Address 
of the memory 
location 
to be read. 
PA = Address 
of the memory 
location 
to be programmed. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 


SA = Address 
of the sector 
to be erased. 
The combination 
of A 16, A 15, A 14, A 13, and A 12 will uniquely 
select 
any sector. 


5. 
RD = Data read from location 
RA during 
read operation. 


PO = Data to be programmed 
at location 
PA. Data is latched 
on the falling 
edge of WE. 


6. 
The system 
should 
generate 
the following 
address 
patterns: 


Word Mode: 
5555H 
or 2AAAH 
to addresses 
AD - A 14 
Byte Mode: 
AAAAH 
or 5555H 
to addresses 
A-I 
- A 14. 


RJad/Reset 
Command 


The read or reset operation 
is initiated 
by writing 
the 
read/reset 
command 
sequence 
into the command 
reg- 
ister. 
Microprocessor 
read cycles 
retrieve 
array data 


from the memory. The device remains enabled for reads 
until the command 
register contents 
are altered. 


The device will automatically 
power-up 
in the read/reset 


state. In this case, a command 
sequence 
is not required 
to read data. Standard 
microprocessor 
read cycles will 


retrieve array data. This default 
value ensures 
that no 


spurious alteration of the memory content occurs during 
the power transition. 
Refer to the AC Read Characteris- 


tics and Waveforms 
for the specific timing parameters. 
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Autoselect Command 


Flash 
memories 
are intended 
for use in applications 


where the local CPU alters memory contents. 
As such, 
manufacture 
and 
device 
codes 
must 
be accessible 


while the device 
resides 
in the target 
system. 
PROM 


pr~rammers 
typically 
access the signature 
codes by 


raising A9 to a high voltage. However, 
multiplexing 
high 


voltage 
onto the address 
lines is not generally 
desired 


system design practice. 


The device contains 
an autoselect 
command 
operation 


to supplement 
traditional 
PROM programming 
method- 
ology. The operation 
is initiated by writing the autoselect 


command 
sequence 
into the command 
register. Follow- 


ing the command 
write, 
a read 
cycle 
from 
address 


XXOOH retrieves the manufacture 
code of 01 H. A read 


cycle 
from 
address 
XX01 H returns 
the device 
code 


(Am29F400T 
= 23H and Am29F400B 
= ABH for x8 


mode; Am29F400T 
= 2223H and Am29F400B 
= 22ABH 


for x16 mode) (see Tables 4.1 and 4.2). 


A~Imanufacturer 
and device codes will exhibit odd parity 


with 007 
defined 
as the parity bit. 


Scanning 
the sector 
addresses 
(A17, A16, A15, A14, 
A 13, and A 12) while (A6, A 1, AO) = (0, 1, 0) will produce 
a logical "1" at device output 000 for a protected 
sector. 


To terminate 
the operation, 
it is necessary 
to write the 


read/reset 
command 
sequence 
into the register. 


BytelWord Programming 


The 
device 
is 
programmed 
on 
a 
byte-by-byte 
(or 


word-by-word) 
basis. Programming 
is a four bus cycle 


operation. 
There 
are two "unlock" 
write cycles. These 


are followed 
by the program 
set-up command 
and data 


write cycles. Addresses 
are latched on the falling edge 


of CE or WE, whichever 
happens 
later and the data is 


latched 
on the rising 
edge 
of CE or WE, whichever 


happens first. The rising edge of CE or WE (whichever 
happens first) begins programming. 
Upon executing the 


Embedded 
Program Algorithm command 
sequence the 


system 
is not required 
to provide 
further 
controls 
or 


!imings. The device will automatically 
provide adequate 


Internally 
generated 
program 
pulses 
and 
verify 
the 


programmed 
cell margin. 


The 
automatic 
programming 
operation 
is completed 


when the data on 007 
is equivalent 
to data written to 


this bit (see Write Operation 
Status section) 
at which 


time the device returns to the read mode and addresses 
are no ~nger 
latched. 
Therefore, 
the device 
requires 


that a val.'d add.ress t? the device be supplied by the sys- 
!em at thiS particular 
Instance of time. Hence, Data Poll- 


Ing must be performed 
at the memory location which is 


being programmed. 


Any commands 
written to the chip during this period will 


be ignored. 


Programming 
is allowed 
in any sequence 
and across 


sector 
boundaries. 
Beware 
that a data "0" cannot 
be 


p~ogrammed 
back to a "1". Attempting 
to do so may 


either hang up the device or result in an apparent 
suc- 


cess according 
to the data polling algorithm 
but a read 


from reseUread mode will show that the data is still "0". 
Only erase operations 
can convert "O"s to "1"so 


Figure 1 illustrates 
the Embedded 
Programming 
Algo- 


rithm using typical 
command 
strings 
and bus opera- 


tions. 
Chip Erase 


Chip erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 
then followed 
by the chip erase command. 


Chip erase does not require the user to program the de- 
vice 
prior 
to erase. 
Upon 
executing 
the 
Embedded 
Erase™ Algorithm command 
sequence the device auto- 


matically will program 
and verify the entire memory for 
an all zero data pattern prior to electrical erase. The sys- 
tem is not required 
to provide 
any controls 
or timings 
during these operations. 


The automatic erase begins on the rising edge of the last 
WE pulse in the command 
sequence 
and terminates 
when the data on 007 
is "1" (see Write Operation 
Status 
section) 
at which 
time 
the 
device 
returns 
to 
read 
the mode. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 


sector Erase 


Sector erase is a six bus cycle operation. 
There are two 


"unlock" write cycles. These are followed 
by writing the 


"set-up" command. 
Two more "unlock" write cycles are 


then followed by the sector erase command. 
The sector 
address (any address location within the desired sector) 
is latched on the falling edge of WE, while the command 
(30H) is latched on the rising edge of WE. A time-out of 
80 liS from the rising edge of the last sector erase com- 
mand will initiate the sector erase command(s). 


Multiple sectors may be erased concurrently 
by writing 


the six bus cycle operations 
as described 
above. This 


sequence 
is followed 
with writes 
of the Sector 
Erase 


command 
to addresses 
in other sectors 
desired 
to be 


concurrently 
erased. The time between writes must be 


less than 80 lJ.Sotherwise 
that command 
will not be ac- 


cepted 
and erasure 
will start. It is recommended 
that 


processor 
interrupts 
be disabled 
during 
this 
time 
to 


guarantee 
this condition. 
The interrupts 
can be re-en- 


abled after the last Sector Erase command 
is written. A 


time-out of 80 liS from the rising edge of the last WE will 
initiate the execution ofthe Sector Erase command(s).lf 
another falling edge of the WE occurs within the 80 lJ.S 
time-out window the timer is reset. (Monitor 
003 
to de- 
termine if the sector erase timer window is still open, see 
section 003, 
Sector Erase Timer.) Any command 
other 


than Sector Erase or Erase Suspend 
during this period 


will reset the device to the read mode, ignoring the previ- 
ous command 
string. Resetting the device once execu- 
tion has begun will corrupt the data in that sector. In that 
case, restart the erase on those sectors and allow them 
to complete. 
(Refer to the Write Operation 
Status sec- 


tion for Sector 
Erase 
Timer 
operation.) 
Loading 
the 


sector erase buffer may be done in any sequence 
and 


with any number of sectors 
(0 t01 0). 


Sector erase does not require the user to program the 
device 
prior 
to erase. 
The 
device 
automatically 
pro- 
grams all memory locations in the sector(s) to be erased 
prior to electrical 
erase. When erasing a sector or sec- 


tors the remaining 
unselected 
sectors are not affected. 
The system 
is not required 
to provide 
any controls 
or 


timings during these operations. 


The automatic 
sector erase begins after the 80 J.!stime 


out from the rising edge of the WE pu Ise for the last sec- 
tor erase command 
pulse and terminates 
when the data 


on DO? is "1" (see Write Operation 
Status section) 
at 


which time the device 
returns to the read mode. 
Data 


Polling must be performed 
at an address within any of 


th~ sectors being erased. 


Figure 
2 illustrates 
the 
Embedded 
Erase 
Algorithm 


using typical command 
strings and bus operations. 
Erase Suspend 


Erase Suspend 
command 
allows the user to interrupt 


th~ chip and then perform data reads (not program) from 
a non-busy 
sector 
during 
a Sector 
Erase 
operation 


(which may take up to several seconds). This command 
is applicable 
ONLY during the Sector 
Erase operation 
and will be ignored 
if written during the Chip Erase or 
Pr<;>grammingoperation. 
The Erase Suspend command 


(SOH) which is allowed only during the Sector Erase Op- 
eration 
includes 
the sector erase time-out 
period after 


the Sector 
Erase commands 
(30H). Writing this com- 
mand during the time-out 
will result in immediate 
termi- 
navon of the time-out 
period. Any subsequent 
writes of 


the Sector 
Erase command 
will be taken as the Erase 
Resume command. 
Note that any other commands 
dur- 
ing the time out will reset the device to read mode. The 


addresses 
are don't-cares 
when writing the Erase Sus- 


pend or Erase Resume commands. 


When the Erase Suspend 
command 
is written during a 


Sector 
Erase 
operation, 
the 
chip 
will 
take 
between 


0.1 J.!sto 15 J.!sto suspend 
the erase operation 
and go 


into erase suspended 
read mode (pseudo-read 
mode), 


during which the user can read from a sector that is NOT 
being erased. A read from a sector being erased may re- 
sult in invalid data. The user must monitor the toggle bit 
(006) 
to determine 
if the chip has entered the pseudo- 


read mode, at which time the toggle bit stops toggling. 
An address of a sector NOT being erased must be used 
to read the toggle bit, otherwise 
the user may encounter 


intermittent 
problems. 
Note that the user 
must 
keep 


track of what state the chip is in since there is no external 
indication of whether the chip is in pseudo-read 
mode or 


actual read mode. After the user writes the Erase Sus- 
pend command, 
the user must wait until the toggle bit 


stops toggling before data reads from the device can be 
performed. 
Any further 
writes 
of the 
Erase 
Suspend 


command 
at this time will be ignored. 


Every time an Erase Suspend command 
followed by an 


Erase Resume command 
is written, the internal (pulse) 
counters 
are reset. These counters 
are used to count 


the 
number 
of high voltage 
pulses 
the 
memory 
cell 


requires 
to program 
or erase. 
If the count 
exceeds 
a 
certain limit, then the D05 bit will be set (Exceeded 
Time 


Limit flag). This resetting 
of the counters 
is necessary 
since 
the 
Erase 
Suspend 
command 
can 
potentially 
interrupt or disrupt the high voltage pulses. 


To resume the operation 
of Sector Erase, the Resume 
command 
(30H) should be written. Any further writes of 


the 
Resume 
command 
at this 
point 
will be ignored. 


Another 
Erase Suspend 
command 
can be written after 
the chip has resumed 
erasing. 


Status 
DQ7 
DQ6 
DQS 
DQ3 
DQ2-DQO 


In Progress 
Auto-Programming 
007 
Toggle 
0 
0 
(0) (Note 
1) 


Program/Erase 
in Auto Erase 
0 
Toggle 
0 
1 


Exceeded 
Auto-Programming 
007 
Toggle 
1 
1 
(0) 
(Note 
1) 


Time 
Limits 
Program/Erase 
in Auto-Erase 
0 
Toggle 
1 
1 


Notes: 


1. pOD, DOl, 
002 
are reserve pins for future use. 


2. 
DOB - 0015 
= Don't Care for X16 mode. 


3. 
004 
for AMD internal use only. 


D07 
Data Polling 


The 
Am29F400 
device 
features 
Data 
Polling 
as 
a 


method to indicate to the host that the Embedded 
Algo- 


rithms are in progress or completed. 
During the Embed- 
ded Program 
Algorithm 
an attempt to read the device 


will produce 
the complement 
of the data last written to 


007. 
Upon completion 
of the Embedded 
Program Algo- 


rithm, an attempt to read the device will produce the true 
data last written to 007. 
During the Embedded 
Erase 
Algorithm, 
an attempt to read the device will produce 
a 


"0" at the 007 
output. 
Upon completion 
of the Embed- 


ded Erase Algorithm 
an attempt to read the device will 


produce 
a "1" at the 
007 
output. 
The flowchart 
for 


DataPolling 
(007) 
is shown in Figure 3. 


For chip erase, the Data Polling is valid after the rising 
edge of the sixth WE pulse 
in the six write pulse se- 
quence. 
For sector erase, the Data Polling is valid after 
the last rising edge of the sector erase WE pulse. Data 
Polling must be pertormed 
at sector address within any 
of the sectors being erased and not a protected 
sector. 


Otherwise, 
the status may not be valid. Once the Em- 
bedded 
Algorithm 
operation 
is close 
to being 
com- 
pleted, 
the Am29F400 
data pins (DO?) 
may change 
asynchronously 
while 
the output 
enable 
(OE) 
is as- 
serted low. This means that the device is driving status 
information 
on DO? at one instant of time and then that 


byte's valid data at the next instant of time. Depending 
on when the system 
samples 
the DO? output, 
it may 
read the status or valid data. Even if the device has com- 
pleted the Embedded 
Algorithm operation 
and DO? has 
a valid data, the data outputs on 000-006 
may be still 


invalid. The valid data on DOO-DO? 
will be read on the 
successive 
read attempts. 


The Data Polling feature 
is only active during the Em- 
bedded 
Programming 
Algorithm, 
Embedded 
Erase Al- 


gorithm, 
or sector erase time-out 
(see Table 8). 


See Figure 11 for the Data Polling timing specifications 
and diagrams. 


D06 
Toggle 
Bit 


The 
Am29F400 
also features 
the 
"Toggle 
Bit" as a 
method to indicate to the host system that the Embed- 
ded Algorithms 
are in progress 
or completed. 


During an Embedded 
Program 
or Erase Algorithm 
cy- 


cle, successive 
attempts to read (OE toggling) data from 


the device will result in 006 
toggling 
between 
one and 


zero. Once the Embedded 
Program or Erase Algorithm 


cycle is completed, 
006 will stop toggling and valid data 
will be read on the next successive 
attempts. 
During 
programming, 
the Toggle Bit is valid after the rising edge 
of the fourth WE pulse in the four write pulse sequence. 
For chip erase, the Toggle 
Bit is valid after the rising 


edge 
of the 
sixth 
WE 
pulse 
in the 
six write 
pulse 
sequence. 
For Sector erase, the Toggle Bit is valid after 
the last rising edge of the sector erase WE pulse. The 
Toggle Bit is active during the sector time out. 


In programming, 
if the sector 
being written 
to is pro- 


tected, the toggle bit will toggle for about 2 Jls and then 
stop toggling without the data having changed. 
In erase, 


the device will erase all the selected 
sectors except for 


the ones that are protected. 
If all selected 
sectors 
are 


protected, the chip will toggle the toggle bit for about 100 
JlSand then drop back into read mode, having changed 
none of the data. 


Either CE or OE toggling will cause the 006 
to toggle. In 


addition, 
an 
Erase 
Suspend/Resume 
command 
will 


cause 006 
to toggle. 


See Figure 
12 for the Toggle 
Bit timing 
specifications 


and diagrams. 
DOS 
Exceeded 
Timing 
Limits 


DOS will indicate 
if the program 
or erase time has ex- 
ceeded the specified 
limits (internal pulse count). Under 
these conditions 
DOS will produce a "1". This is a failure 
condition which indicates that the program 
or erase cy- 
cle was not successfully 
completed. 
Data Polling is the 


only operating 
function 
of the device 
under this condi- 


tion. The CE circuit will partially power down the device 
under these conditions 
(to approximately 
2 mA). The OE 
and WE pins will control the output disable functions 
as 


described 
in Table 2. 


If this failure condition occurs during sector erase opera- 
tion, it specifies that a particular 
sector is bad and it may 


not be reused. However, other sectors are still functional 
and may be used for the program 
or erase operation. 


The device must be reset to use other sectors. Write the 
Reset command 
sequence 
to the device, and then exe- 
cute program or erase command 
sequence. 
This allows 


the system to continue to use the other active sectors in 
the device. 


If this failure condition 
occurs during the chip erase op- 
eration, it specifies that the entire chip is bad or combi- 
nation of sectors are bad. 


If this failure condition 
occurs during the byte program- 


ming operation, 
it specifies 
that the entire sector con- 
taining 
that 
byte 
is bad and this 
sector 
may 
not be 
reused, 
(other 
sectors 
are 
still 
functional 
and 
can 


be reused). 


The DOS failure condition 
may also appear if a user tries 
to program 
a non blank location without erasing. 
In this 
case 
the device 
locks 
out and 
never 
completes 
the 


Embedded 
Algorithm 
operation. 
Hence, 
the 
system 
never reads a valid data on DO? bit and 006 
never 
stops toggling. 
Once the device 
has exceeded 
timing 


limits, the DOS bit will indicate a "1." Please notethatthis 
is not a device 
failure 
condition 
since the device 
was 


incorrectly 
used. 


D03 
Sector 
Erase Timer 


After the completion 
of the initial sector erase command 
sequence the sector erase time-out will begin. 003 
will 
remain low until the time-out 
is complete. 
Data Polling 
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and Toggle 
Bit are valid after the initial sector 
erase 
command 
sequence. 


If Data Polling or the Toggle Bit indicates the device has 
been written with a valid erase command, 
D03 may be 
used to determine 
if the sector erase timer window is still 


open. If D03 is high ("1") the internally controlled 
erase 
cycle 
has begun; 
attempts 
to write 
subsequent 
com- 
mands to the device will be ignored until the erase op- 
eration 
is completed 
as indicated 
by Data 
Polling 
or 


Toggle Bit. If 003 
is low ("0"), the device will accept ad- 
ditional 
sector 
erase 
commands. 
To insure the com- 


mand has been accepted, 
the system software 
should 


check the status of D03 prior to and following each sub- 
sequent 
sector 
erase command. 
If 003 
were high on 


the second 
status check, the command 
may not have 


been accepted. 


Rejer to Table 8: Hardware 
Sequence 
Flags. 


RY/BV 
Ready/Busy 


The Am29F400 
provides a RY/BY output pin as a way to 


indicate to the host system that the Embedded™ 
Algo- 


rithfns are either in progress or completed. 
If the output 


is low, the device is busy with either a program or erase 
operation. 
If the output is high, the device is ready to ac- 


ce~t any read/write orerase 
operation. 
When the RY/BY 
pin lis low, the device will not accept any additional 
pro- 
gram or erase commands. 
If the Am29F400 
is placed in 


an Erase Suspend mode, the RY/BY output will be high. 
Also, since this is an open drain output, 
many RY/BY 
pins can be tied together in parallel with a pull up resistor 
to Vcc. 


During programming, 
the RY/BY pin is driven low after 


the rising edge of the fourth WE pulse. During an erase 
operation, 
the RY/BY pin is driven 
lo~after 
the rising 


edge of the sixth WE pulse. The RY/BY pin should be 
ignored while RESET is at V'L. Refer to Figure 13 for a 
det*iled 
timing diagram. 


RESET 
Hardware 
Reset 


The Am29F400 
device 
may be reset 
by driving 
the 
RESET pin to V,L. The RESET pin has a pulse require- 
merit and has to be kept low (V'L) for at least 500 ns in 
order to properly 
reset the internal 
state machine. 
Any 
operation 
in the process of being executed will be termi- 
nated and the internal state machine will be reset 20 ~s 
afte~ the RESET 
pin is driven 
low. Furthermore, 
once 
the IRESET 
pin 
goes 
high, 
the 
device 
requires 
an 


additional 
50 ns before it will allow read access. When 


the RESET pin is low, the device will be in the standby 
mode for the duration of the pulse and all the data output 
pins will be tri-stated. 
If a hardware reset occurs during a 
program 
or erase operation, 
the data at that particular 


location will be corrupted. 
Please Ilote that the RY/BY 


output 
signal 
should 
be 
ignored 
during 
the 
RESET 


pulse. Referto 
Figure 14 forthe timing diagram. 
Referto 


Temporary 
Sector Unprotect for additional functionality. 


Byte/Word Configuration 


The BYTE pin selects 
the byte (8-bit) 
mode or word 
(16 bit) mode for the Am29F400 
device. When this pin .is 


driven 
high, the device 
operates 
in the word 
(16 bit) 


mode. 
The 
data 
is 
read 
and 
programmed 
at 


000-0015. 
When this pin is driven low, the device op- 


erates 
in byte 
(8 bit) 
mode. 
Under 
this 
mode, 
the 


0015/A-1 
pin becomes 
the 
lowest 
address 
bit and 


008-D014 
bits are tristated. 
However, 
the command 


bus cycle is always an 8-bit operation 
and hence cor:n- 


mands are written at 000-007 
and the 008-0015 
bits 


are ignored. 
Refer to Figures 
15 and 16 for the timing 


diagram. 
Data Protection 


The Am29F400 
is designed 
to offer protection 
against 


accidental 
erasure or programming 
caused by spurious 
system level signals that may exist during power transi- 
tions. During power up the device automatically 
resets 


the internal state machine in the Read mode. Also, with 
its control register architecture, 
alteration ofthe memory 
contents only occurs after successful 
completion 
of spe- 
cific multi-bus cycle command 
sequences. 


The device 
also incorporates 
several 
features 
to pre- 
vent inadvertent 
write cycles resulting from Vcc power- 


up and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 


than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
ci~- 
cuits are disabled. 
Under this condition 
the deVice Will 


reset to the read mode. Subsequent 
writes will be ig- 


nored until the Vcc level is greater 
than VLKO.It is the 


users responsibility 
to ensure that the control 
pins are 


logically 
correct 
to prevent 
unintentional 
writes 
when 
Vcc is above 3.2 V. 
Write Pulse "Glitch" Protection 


Noise pulses of less than 5 ns (typical) on OE, CE orWE 
will not initiate a write cycle. 
Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = V,L, 


CE = V,H or WE = V,H. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 
Power-Up Write Inhibit 


Power-up of the device with WE = CE = V,Land OE = V IH 
will not accept commands 
on the rising edge of WE. The 


internal state machine is automatically 
reset to the read 


mode on power-up. 


Write Program Command Sequence 
(see below) 


Bus Operations 
Command 
Sequence 
Comments 


Standby (Note 1) 


Write 
Program 
Valid AddresslOata Sequence 


Read 
Data Polling to Verify Programming 


St~ndby (Note 1) 
Compare Data Output to Data Expected 


Note: 
1. Device is either powered-down, erase inhibit or program inhibit. 
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EMBEDDED ALGORITHMS 


Write Erase Command Sequence 
(see below) 


Data Polling or Toggle Bit 
Successfully Completed 


Chip Erase Command 
Sequence 
(Address/Command): 


Individual 
Sector/Multiple 
Sector 
Erase Command 
Sequence 
(Address/Command): 


Add~ional sector 
erase commands 
are optional 


Bus Operations 
Command Sequence 
Comments 


Standby (Note 1) 


Wr~e 
Erase 


Read 
Data Polling to Verijy Erasure 


S,andby (Note 1) 
Compare Output to FFH 


Note: 
1. 
Device is either powered-down, 
erase 
inhibit or program 
inhibit. 


Read 
Byte 


(DaD-DOl) 


Addr=VA 


Read 
Byte 


(000-007) 


Addr=VA 


VA = Byte address 
for programming 


= Any of the sector 
addresses 
within 
the 


sector 
being 
erased 
during 
sector 
erase 


operation 
= XXXXH 
during 
chip erase 


Note: 
1. 
DOl 
is rechecked 
even if 005 
= "1" because 
DOl 
may change 
simultaneously 
with DOS. 
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Read Byte 
(000-007) 
Addr=VA 


VA = Byte address 
for programming 


= any of the sector 
addresses 
within 
the 


sector 
being 
erased 
during 
sector 
erase 


operation 
= XXXXH 
during 
chip erase 
= any address 
not within 
the sector 
in the 


process 
of an Erase 
Suspend 
operation. 


Read 
Byte 
(000-007) 


Addr=VA 


Note: 


1. 
D06 
is rechecked 
even if DOS = "/" because 
D06 
may stop toggling 
at the same 
time as DOS changing 
to "1". 


~ 
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20 ns 


Figure 5. Maximum 
Negative 
Overshoot 
Waveform 


Vcc + 0.5 V 


2.0 V 


Storage Temperature 
Ceramic 
Packages 
.. 
Plastic Packages 
.... 


Ambient Temperature 
with Power Applied 
-55°C 
to + 125°C 


Voltage with Respect to Ground 
All pins except A9 (Note 1) 
.... 
-2.0 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
.. 
200 mA 


.... 
-65°C 
to +150°C 
-65°C 
to + 125°C 


Notes: 


1. 
Minimum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions, 
inputs 
may overshoot 
Vss to -2.0 V for 
periods 
of up to 20 ns. Maximum 
DC voltage 
on output and 


I/O pins is Vcc + 0.5 V. During 
voltage 
transitions, 
outputs 
may overshoot 
to Vcc + 2.0 
V for periods 
up to 20 ns. 


2. 
Minimum 
DC input voltage 
on A9 pin is -0.5 V. During volt- 
age transitions, 
A9 may overshoot 
Vss to -2.0 V for peri- 
ods of up to 20 ns. Maximum 
DC input 
voltage 
on A9 is 
+ 13.5 V which may overshoot 
to 14.0 V for periods 
up to 
20ns. 


3. 
No more than one output 
shorted 
at a time. Duration 
of the 
short circuit 
should 
not be greater 
than one second. 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 
ings" may cause 
permanent 
damage 
to the device. 
This is a 
stress 
rating 
only; functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the opera- 
tional sections 
of this specification 
is not implied. 
Exposure 
of 
the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 
tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Tc) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Tc) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Tc) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Tc) 
-55°C 
to +125°C 


Vcc Supply 
Voltages 
Vccfor 
Am29F400T/B-75 
+4.75 V to +5.25 V 


Vcc for Am29F400T/B-90, 
120 
+4.50 V to +5.50 V 


Operating 
ranges 
define 
those limits between 
which the func- 


tionality 
of the device 
is guaranteed. 
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DC CHARACTERISTICS 
TTLINMOS Compatible 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Max 
Unit 


III 
Input Load Current 
VIN = Vss to Vcc. 
Vcc = Vcc Max 
±1.0 
~ 


ILiT 
A9 Input Load Current 
Vcc = Vcc Max. A9 = 12.5 V 
50 
~ 


ILO 
Output 
Leakage 
Current 
VOUT = Vss to Vcc. 
Vcc = Vcc Max 
±1.0 
~ 


ICCl 
Vcc Active 
Current 
(Note 1) 
CE = VIL.OE 
= VIH 
I Byte 
40 


mA 
I Word 
50 


Icc2 
Vcc Active 
Current 
(Notes 2, 3) 
CE = VIL. OE = VIH 
60 
mA 


ICC3 
Vcc Standby 
Current 
Vcc = Vcc Max. CE = VIH,OE = VIH 
1.0 
mA 


VIL 
Input Low Level 
-0.5 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc 
V 


+ 0.5 


VID 
Voltage 
for Autoselect 
Vcc= 
5.0 V 
11.5 
12.5 
V 


and Sector 
Protect 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA, Vcc = Vcc Min 
0.45 
V 


VQH 
Output 
High Level 
IOH= -2.5 mA Vcc = Vcc Min 
2.4 
V 


VLKO 
Low Vcc Lock-Out 
Voltage 
3.2 
4.2 
V 


Notes: 


1. 
The lee currenilisted 
includes 
both the DC operating 
current and the frequency 
dependent 
component 
(at 6 MHz). 


The frequency 
component 
typically is less than 2 mA/MHz, 
with OE at VIH. 


2. 
lee active while Embedded 
Algorithm 
(program 
or erase) is in progress. 


3. 
Not 100% tested. 


CMOS Compatible 


Parameter 
Symbol 
Parameter 
Description 
Test Conditions 
Mln 
Max 
Unit 


Iu 
Input Load Current 
VIN = Vss to Vcc, 
Vcc = Vcc Max 
±1.0 
~ 


IUT 
A9 Input Load Current 
Vcc = Vcc Max, A9 = 12.5 V 
50 
~ 


ILO 
Output 
Leakage 
Current 
VOUT = Vss to Vcc, 
Vcc 
= Vcc Max 
±1.0 
~ 


Icc, 
Vcc Active 
Current 
(Note 
1) 
CE = VIL, DE = VIH 
I Byte 
40 
mA 


I Word 
50 


ICC2 
Vcc Active 
Current 
(Notes 
2, 3) 
CE = VIL, DE = VIH 
60 
mA 


ICC3 
Vcc Standby 
Current 
Vcc = Vcc Max, CE = Vcc ± 0.5 V, 
100 
~ 


DE = VIH 


VIL 
Input Low Level 
-0.5 
0.8 
V 


VIH 
Input High Level 
0.7x 
Vcc 
V 


Vcc 
+0.3 


VID 
Vo~age 
for Autoselect 
Vcc= 
5.0 V 
11.5 
12.5 
V 


and Sector 
Protect 


VOL 
Output 
Low Vo~age 
IOL= 5.8 mA, Vcc 
= Vcc Min 
0.45 
V 


VOH' 
IOH= -2.5 
mA, Vcc = Vcc Min 
0.85 
V 


Output 
High Voltage 
Vcc 


VOH2 
IOH= -100 
~A, Vcc= 
Vcc Min 
Vcc 
V 


-0.4 


VLKO 
Low Vcc Lock-out 
Vo~age 
3.2 
4.2 
V 


Notes: 


1. 
The lee cu"ent 
listed 
includes 
both the DC operating 
current 
and the frequency 
dependent 
component 
(at 6 MHz). 


The frequency 
component 
typically 
is less than 2 mAlMHz, 
with DE at VIH. 


2. 
lee active 
while Embedded 
Algorithm 
(program 
or erase) 
is in progress. 


3. 
Not 
100% tested. 
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AC CHARACTERISTICS 


R 
dOlO 
Ch 
ea 
my 
,peratlons 
aracterlstlcs 


Parameter 
Symbols 
·75 
-90 
-120 
·150 


JdDEC 
Standard 
Description 
Test 
Setup 
(Note 
1) 
(Note 
2) 
(Note 
2) 
(Note 
2) 
Unit 


tAVAV 
tRC 
Read Cycle Time 
(Note 4) 
Min 
70 
90 
120 
150 
ns 


tAVQV 
tACC 
Address 
to Output 
Delay 
CE = VIL 
Max 
70 
90 
120 
150 
ns 


OE = VIL 


tELQV 
tCE 
Chip 
Enable 
to Output 
Delay 
OE = VIL 
Max 
70 
90 
120 
150 
ns 


tGLQV 
tOE 
Output 
Enable 
to 
Max 
30 
35 
50 
55 
ns 


Output 
Delay 


lEHOZ 
tDF 
Chip Enable 
to Output 
Max 
20 
20 
30 
35 
ns 


High Z (Note 3, 4) 


tGHQZ 
tDF 
Output 
Enable 
to Output 
Max 
20 
20 
30 
35 
ns 


High Z (Note 3, 4) 


tAXQX 
tOH 
Output 
Hold Time 
From 
Min 
0 
0 
0 
0 
ns 
Addresses, 
CE or OE, 


Whichever 
Occurs 
First 


tReady 
RESET 
pin low to read 
Max 
20 
20 
20 
20 
l!S 
mode 


tELFL 
CE to BYTE switching 
low 
Max 
5 
5 
5 
5 
ns 


tELFH 
or high 


Notes: 


1. 
Test Conditions: 
Output 
Load: 
1 TTL gate 
and 30 pF 


Input rise and fall times: 5 ns 
Input pulse 
levels: 
0.0 V to 3.0 V 
Timing 
measurement 
reference 
level 
Input: 
1.5 V 
Output: 
1.5 V 


2. 
Test Conditions: 
Output 
Load: 
1 TTL gate and 
100 pF 
Input rise and fall times: 
20 ns 
Input pulse 
levels: 
0.45 
V to 2.4 V 
Timing measurement 
reference 
level 
Input: 
0.8 and 2.0 V 
Output: 
0.8 and 2.0 
V 


3. 
Output 
driver 
disable 
time. 


4. 
Not 
100% tested. 


Device 
Under 
Test 


IN3064 
or Equivalent 


Diodes = IN3064 
or Equivalent 


Notes: 


For -70: CL = 30 pF including 
jig capacitance 


For all others: 
CL = 100 pF including 
jig capacitance 


AC CHARACTERISTICS 
Write/Erase/Program 
Operations 


Parameter 
Symbols 


JEDEC 
Standard 
Description 
-70 
-90 
·120 
·150 
Unit 


tAvAV 
twc 
Write 
Cycle Time (3) 
Min 
70 
90 
120 
150 
ns 


tAvwL 
tAS 
Address 
Setup 
Time 
Min 
0 
0 
0 
0 
ns 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
50 
ns 


tOVWH 
tos 
Data Setup 
Time 
Min 
30 
45 
50 
50 
ns 


tWHOX 
tOH 
Data Hold Time 
Min 
0 
0 
0 
0 
ns 


tOEs 
Output 
Enable 
Setup 
Time (3) 
Min 
0 
0 
0 
0 
ns 


Output 
Enable I Read 
(Note 3) 
Min 
0 
0 
0 
0 
ns 
tOEH 
Hold Time 
I Toggle 
and Data Polling 
(3) 
Min 
10 
10 
10 
10 
ns 


tGHWL 
tGHWL 
Read 
Recover 
Time 
Before 
Write 
Min 
0 
0 
0 
0 
ns 


tELWL 
tcs 
CE Setup Time 
Min 
0 
0 
0 
0 
ns 


tWHEH 
tCH 
CE Hold Time 
Min 
0 
0 
0 
0 
ns 


tWLWH 
twp 
Write 
Pulse Width 
Min 
35 
45 
50 
50 
ns 


tWHwL 
tWPH 
Write 
Pulse Width 
High 
Min 
20 
20 
20 
20 
ns 


tWHWH1 
tWHWH' 
Byte Programming 
Operation 
Typ 
16 
16 
16 
16 
~s 


tWHWH2 
tWHWH2 
Erase 
Operation 
(1) 
Typ 
1.5 
1.5 
1.5 
1.5 
see 


Max 
30 
30 
30 
30 
sec 


tvcs 
Vcc 
Set Up Time (3) 
Min 
50 
50 
50 
50 
~s 


tVLHT 
Voltage 
Transition 
Time (2,3,5) 
Min 
4 
4 
4 
4 
~s 


twpp 
Write 
Pulse Width 
(2) 
Min 
100 
100 
100 
100 
~s 


tWPP2 
Write 
Pulse Width 
(5) 
Min 
10 
10 
10 
10 
ms 


tOESP 
OE Setup 
Time to WE Active 
(2,3,5) 
Min 
4 
4 
4 
4 
~s 


tcsp 
CE Setup 
Time to WE Active 
(3) 
Min 
4 
4 
4 
4 
~s 


tRP 
RESET 
Pulse Width 
Min 
500 
500 
500 
500 
ns 


tFLQZ 
BYTE Switching 
Low to Output 
High Z (3,4) 
Max 
20 
30 
30 
30 
ns 


tBUSY 
Program/Erase 
Valid to RD/BY 
Delay (3) 
Min 
30 
35 
50 
55 
ns 


Notes: 


1. 
This does not include 
the preprogramming 
time. 


2. 
These timings are for Sector Protect operation. 


3. 
Not 100% tested. 


4. 
Output Driver Disable 
Time. 


5. 
These timings are for Sector Unprotect 
operation. 


~ 
AMD 


I 
K6Y TO SWITCHING WAVEFORMS 


\\\\\ 
IIIII 


I 


I 
SWITCHING WAVEFORMS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Will Be 
Steady 


Will Be 
Changing 
from 
H to L 


Will Be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off"Stale 


--*~ 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


{ 


IRC 


Addresses 
Addresses 
Stable 


tACC 
.' 


AMD~ 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
DO? is the output 
of the complement 
of the data written 
to the device. 


4. 
Dour 
is the output 
of the data written 
to the device. 


5. 
Figure 
indicates 
last two bus cycles 
of four bus cycle sequence. 


6. 
These 
waveforms 
are for the x 16 mode. 


IDS 


vcc~ 


Notes: 


1. 
SA is the sector 
address 
for Sector 
Erase. 
Addresses 
= don't care for Chip Erase. 


2. 
These 
waveforms 
are for the x 16 mode. 


~ 
AMD 


SWITCHING WAVEFORMS 


Figure 11. AC Waveforms 
for Data Polling During Embedded 
Algorithm 
Operations 
-JJ....-.------------ 
/\~------- 


Note: 


'006 
stops toggling 
(The device has completed 
the Embedded 
operation). 


CE 
~ 
/ 
\_. 
--- 


CE\ 
I 


RXXXXX 
, 
,,, 


)-: 
- 


, 


-------~~ 
tRPd 
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AMD 


tELFL 


tELFH 
Data Output 
(000-0014) 
)-- 
~ 


__________ 
0015 


Output 
I 
Address 
Input 


I 


:..-- 
tFLOZ 
--..: 


~ 
vd9' 
of fh, ". WE,"." 


I 


I 
tSET_ 


(tAS) 


~ 


tHOLD 
(tAH) 


Set Up Sector 
Addr 
(A17, A16, A15, 
A14, A13, A12) 


Power 
Down OE 
WE = VIH 
CE = OE = Vil 
A9 should 
remain 
VID 
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AMD 


SWITCHING WAVEFORMS 


~ 
"------------------------------- 


12V-----------yt3- 
-- 
5V 
---- 


A9 
---~ 
tVLHT 


12 V - - - - - - - - - - - - - 


5V 


SAx = Sector Address 
for initial sector 


SAy = Sector 
Address 
for next sector 


NJtes: 
s40 = Sector 
Address 
for initial sector 


SA 10= 
Sector 
Address 
for last sector 


Please 
refer to Table 4 for details. 
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AMD 


SWITCHING WAVEFORMS 


A6 ~------------------S(I 


12V------------- 


5 V - 


OE 


CE 
\ 
---~I\ ------------------ 
S('-I------------"(IS 


Data-----------------------S~s 


./' 
ExecuteAutoSelect 
CommandSequence 


AC CHARACTERISTICS 
Write/Erase/Program 
Operations 


Alternate 
CE Controlled 
Writes 


Parameter 
Symbols 


JEDEC 
Standard 
Description 
·70 
-90 
-120 
·150 
Unit 


tAVAV 
twe 
Write Cycle 
Time (4) 
Min 
70 
90 
120 
150 
ns 


tAVEL 
tAS 
Address 
Setup 
Time 
Min 
a 
a 
a 
a 
ns 


tELAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
50 
ns 


tDVEH 
tDS 
Data Setup 
Time 
Min 
30 
45 
50 
50 
ns 


tEHDX 
tDH 
Data Hold Time 
Min 
a 
a 
a 
a 
ns 


tOES 
Output 
Enable 
Setup 
Time 
Min 
a 
a 
a 
a 
ns 


Output 
Enable 
I Read (4) 
Min 
a 
a 
a 
a 
ns 
tOEH 
Hold Time (4) 
I Toggle 
and Data Polling 
Min 
10 
10 
10 
10 
ns 


tG~EL 
tGHEL 
Read 
Recover 
Time 
Before 
Write 
Min 
a 
a 
a 
a 
ns 


tW~EL 
tws 
WE Setup 
Time 
Min 
a 
a 
a 
a 
ns 


tE~wH 
tWH 
WE Hold Time 
Min 
a 
0 
a 
a 
ns 


tELEH 
tep 
CE Pulse Width 
Min 
35 
45 
50 
50 
ns 


tEHEL 
tePH 
CE Pulse Width 
High 
Min 
20 
20 
20 
20 
ns 


tWHWHl 
tWHWH' 
Byte Programming 
Operation 
Typ 
16 
16 
16 
16 
J.1s 


tWHWH2 
tWHWH2 
Erase 
Operation 
(Note 1) 
Typ 
1.5 
1.5 
1.5 
1.5 
sec 


Max 
30 
30 
30 
30 
sec 


tves 
Vee Set Up Time (Note 4) 
Typ 
50 
50 
50 
50 
J.1S 


tRP 
RESET 
Pulse Width 
Min 
500 
500 
500 
500 
ns 


tFLQZ 
BYTE Switching 
Low to Output 
High Z (3,4) 
Max 
20 
30 
30 
30 
ns 


tBUSY 
Program/Erase 
Valid to RD/BY 
Delay (4) 
Min 
30 
35 
50 
55 
ns 


Notes: 


1. 
This does not include the preprogramming 
time. 


2. 
These timings are for Sector ProtectlUnprotect 
operations. 


3. 
This timing is only for Sector Unprotect. 


4. 
Not 100% tested. 


~ 
AMD 


=t'''"] 
PA 
Iwe 
IAS 


Data Polling 


~H~ 
PA 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
DO? is the output of the complement 
of the data written to the device. 


4. 
Dour is the output of the data written to the device. 


5. 
Figure indicates 
last two bus cycles of four bus cycle sequence. 


6. 
These waveforms 
are for the x 16 mode. 


limits 


Parameter 
Min 
Typ 
Max 
Unit 
Comments 


Chip and Sector 
Erase Time 
1.5 
30 
sec 
Excludes 
OOH programming 
(Note 
1) 
prior to erasure 


Byte Programming 
Time 
16 
1000 
j.l.s 
Excludes 
system-level 
overhead 
(Note 2) 


Chip Programming 
Time 
8.5 
50 
sec 
Excludes 
system-level 
overhead 
(Note 
1) 


Erase/Program 
Cycles 
100,000 
1,000,000 
Cycles 


Notes: 


1. 45"C, 5 V VCC, 100,000 
cycles 


2. 
The Embedded 
Algorithms 
allow (or 48 ms byte program 
time. 


Min 
Max 


InRut Voltage 
with respect 
to Vss on all I/O pins 
-1.0 
V 
Vce + 1.0 V 


Vet 
Current 
-100 
mA 
+100 
mA 


P~rameter 
Unit 
Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 


CIN 
Input Capacitance 
VIN = 0 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
VIN = 0 
8 
10 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, (~ 
1.0 MHz 


Parameter 
Symbol 
Parameter 
Description 
Test 
Setup 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
6 
7.5 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8.5 
12 
pF 


CIN2 
Control 
Pin Capacitance 
Vpp = 0 
8 
10 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, (= 1.0 MHz 


Parameter 
Test 
Conditions 
Mln 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


- 
Am29F016 


16-Megabit (2,097,152 x 8-Bit) CMOS 5.0 Volt-only, 
Sector Erase Flash Memory 


~ 


Advanced 
Micro 


Devices 


• 5.0 V ± 10% read, write, 
and erase 
• Data Polling 
and Toggle 
Bit feature 
for 


- 
Minimizes 
system level power requirements 
detection 
of program 
or erase cycle 
• Compatible 
with 
JEDEC-standard 
commands 
completion 


- 
Pinout and software 
compatible 
with single- 
• Ready/BUSY 
output 


supply Flash 
- 
Hardware 
method for detection 
of program 
or 
• 48-pin 
TSap 
pinout 
erase cycle completion 


• Minimum 
100,000 write/erase 
cycles 
• Erase Suspend 
Resume 


• High performance 
- 
This feature supports 
reading or programming 


data to a non-busy 
sector 


- 
90 ns maximum 
access time 
• low 
power 
consumption 
• Sector 
erase 
architecture 
- 
30 mA maximum 
active read current 
- 
Uniform sectors of 64 Kbytes each 
- 
60 mA maximum 
write/erase 
current 
- 
Any combination 
of sectors can be erased. 
- 
1 llA typical standby current 
Also supports full chip erase 
• low 
Vcc write 
inhibit::; 
3.2 V 
• Embedded 
Erase Algorithms 


- 
Automatically 
pre-programs 
and erases the 
• Block 
protection 


chip or any sector 
- 
Hardware 
method that disables 
any combina- 
• Embedded 
Program 
Algorithms 
tion of blocks from write or erase operations 


- 
Automatically 
writes and verifies data at 
• Hardware 
RESET pin 


specified 
address 
- 
Resets internal state machine to the read mode 


GENERAL 
DESCRIPTION 


The Am29F016 
is a 16 Mbit, 5.0 V-only Flash memory 


organized 
as 2 Mby1es of 8 bits each. The 2 Mbytes of 


data is organized 
in 32 sectors of 64 Kbytes for flexible 
erase capability. 
The 8 bits of data will appear on 000- 
007. 
The Am29F016 
is offered in a 48-pin TSOP pack- 


age. 
This 
device 
is 
designed 
to 
be 
programmed 


in-system 
with the standard 
system 
5.0 V Vcc supply. 
12.0 V Vpp is not required for write or erase operations. 
The 
device 
can 
also 
be reprogrammed 
in standard 


EPROM programmers. 


The standard 
Am29F016 
offers access times between 


90 ns, 120 ns, and 150 ns allowing 
operation 
of high- 


speed 
microprocessors 
without 
wait 
states. 
To 


eliminate 
bus contention 
the device 
has separate 
chip 


enable (GE), write enable (WE), and output enable (OE) 
controls. 


The Am29F016 
is entirely command 
set compatible 
with 


JEDEC 
standard 
single-supply 
Flash. Commands 
are 


written 
to 
the 
command 
register 
using 
standard 


microprocessor 
write timings. 
Register 
contents 
serve 


as input to an internal state-machine 
which controls the 
erase and programming 
circuitry. 
Write cycles also in- 
ternally 
latch addresses 
and data needed 
for the pro- 


gramming 
and erase operations. 
Reading 
data out of 
the device 
is similar to reading 
from 
12.0 V Flash or 


EPROM devices. 


The Am29F016 
is programmed 
by executing 
the pro- 


gram command 
sequence. 
This will invoke the Embed- 


ded Program 
algorithm 
which 
is an internal 
algorithm 


that automatically 
times the program 
pulse widths 
and 
verifies 
proper cell margin. 
Erase is accomplished 
by 
executing 
the erase command 
sequence. 
This will in- 


voke the Embedded 
Erase algorithm which is an internal 


algorithm that automatically 
preprograms 
the array if it is 


not already programmed 
before executing the erase op- 
eration. 
During erase, the device 
automatically 
times 


the erase pulse widths and verifies proper cell margin. 


This document 
cootains 
Information 
on a product 
under 
development 
at Advanced 
Micro Devices. 
Inc. The information 


is intend~ 
10 help you 10 evaluate 
this product 
AMD reserves 
the fig hI !o change 
or discontinue 
work 
on this proposed 


product 
Without 
notice. 


This device 
also features 
a sector 
erase architecture. 
The sector 
mode allows for sectors 
of memory 
to be 


erased and reprogrammed 
without affecting other sec- 


tors. 
A sector 
is typically 
erased 
and verified 
within 


1 second. The Am29F016 
is erased when shipped from 


the factory. 


The Am29F016 
device 
also features 
hardware 
block 


protection. 
This feature 
will disable 
both program 
and 


erase operations 
in any combination 
of eight blocks of 


merll0ry. 
A block 
consists 
of four 
adjacent 
sectors 


grouped 
in the following 
pattern: 
sectors 
0-3, 
4-7, 
8-11,12-15,16-19,20-23,24-27, 
and 28-31. 


AMD has implemented 
an Erase Suspend feature that 


enables the user to put erase on hold for any period of 
time to read data or program 
data to a non-busy sector. 


Thus, true background 
erase can be achieved. 


The pevice features single 5.0 V power supply operation 
for both read and write functions. 
Internally 
generated 


and regulated 
voltages 
are provided 
for the program 


and erase operations. 
A low Vcc detector automatically 


inhibits write operations 
on the loss of power. The end of 


program 
or erase is detected 
by the Ready/BUSY 
pin, 


Data Polling of D07 or by the Toggle Bit feature on 006. 
Once the end of a program 
or erase cycle 
has been 


completed, 
the 
device 
internally 
resets 
to the 
read 


mode. 


The Am29F016 
also has a hardware 
RESET pin. When 


this pin is driven low, execution 
of any Embedded 
Pro- 


gram or Embedded 
Erase operations 
will be terminated. 


The internal 
state machine 
will then be reset into the 
read mode. The RESET pin may be tied to the system 
reset input. Therefore, 
if a system 
reset occurs during 


the Embedded 
Program or Embedded 
Erase operation, 
the device will be automatically 
reset to a read mode. 


This will enable the system microprocessor 
to read the 


boot-up firmware 
from the Flash memory. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and E2pROM experience 
to produce 
the highest levels 


of 
quality, 
reliability 
and 
cost 
effectiveness. 
The 


Am29F016 
memory 
electrically 
erases all bits within a 


sector simultaneously 
via Fowler-Nordheim 
tunneling. 


The bytes are programmed 
one byte at a time using the 


EPROM 
programming 
mechanism 
of 
hot 
electron 
injection. 


vcc- 
Vss- 


WE 
State 
Control 


Command 


Register 


Chip Enable 


Output 
Enable 


Logic 


FamilyPartNo. 
Am29F016 


OrderingPartNo: 
Vcc = 5.0V ± 10% 
-90 
-120 
·150 
Max AccessTime (ns) 
90 
120 
150 
CE (E)Access(ns) 
90 
120 
150 
OE (G)Access(ns) 
35 
50 
75 


CONNECTION DIAGRAMS 


16 Mbit Pinout 


NC 
1 0 
48 
NC 
NC 
2 
47 
NC 
A19 
3 
46 
A20 
A18 
4 
45 
NC 
A17 
5 
44 
WE 
A16 
6 
43 
OE 
A15 
7 
42 
RY/BY 
A14 
8 
41 
DO? 


A13 
9 
40 
D06 
A12 
10 
39 
DOS 
CE 
11 
38 
D04 
Vcc 
12 
37 
Vcc 


NC 
13 
36 
Vss 


RESET 
14 
35 
Vss 


A11 
15 
34 
D03 
A10 
16 
33 
D02 


A9 
17 
32 
D01 
A8 
18 
31 
DOO 
A7 
19 
30 
AO 
A6 
20 
29 
A1 
AS 
21 
28 
A2 
A4 
22 
27 
A3 
NC 
23 
26 
NC 
NC 
24 
25 
NC 


Standard TSOP 


NC 
48 
NC 
NC 
47 
NC 
A20 
46 
A19 
NC 
45 
A18 
WE 
44 
A17 
OE 
43 
A16 
RY/BY 
42 
A15 
D07 
41 
A14 
D06 
40 
A13 
DOS 
39 
A12 
D04 
38 
CE 


Vcc 
37 
Vcc 


Vss 
36 
NC 


Vss 
35 
RESET 
D03 
34 
A11 
D02 
33 
A10 
D01 
32 
A9 


DOO 
31 
A8 


AO 
30 
A7 
A1 
29 
A6 


A2 
28 
AS 


A3 
27 
A4 


NC 
26 
NC 


NC 
25 
NC 


Reverse TSOP 
18805A-2 


1·152 
Am29F016 


AO-A20 
21 Addresses 


DQO-DQ7 
8 Data Inputs/Outputs 
AO-A20 


NC 
Pin Not Connected 
DOO-DO? 


CE 
Chip Enable 


OE 
Output 
Enable 
CE (E) 


WE 
Write Enable 
OE(G) 
RESET 
Hardware 
Reset Pin, Active Low 


RY/BY 
Ready/BUSY 
Output 
WE(W) 


Vcc 
+5 V Supply (±1 0% V) 
RESET 
RY/BY 


Vss 
Device Ground 
18805A-3 
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I- 
Ah,28F256 


2sd Kilobit (32,768 x 8-Bit) CMOS 12.0 Volt, 
BUlk Erase Flash Memory 


DISrlNCTIVE 
CHARACTERISTICS 


• 
High performance 
"J 70 ns maximum 
access time 


• 
CMOS Low power consumption 


- 
30 mA maximum 
active current 


- 
100 jlA maximum 
standby current 


- 
No data retention 
power consumption 


• 
Compatible 
with JEDEC-standard 
byte-wide 


3f-pin 
EPROM pinouts 


- 
32-pin DIP 


- 
32-pin PLCC 
132-pin TSOP 


i32-pin 
LCC 


• 
1p,000 write/erase 
cycles minimum 


• 
rite and erase voltage 
12.0 V ±5% 


GE~ERAL DESCRIPTION 


The f'.m28F256 
is a 256K Flash memory organized 
as 


32K ~ytes of 8 bits each. AMD's 
Flash memories 
offer 


the most cost-effective 
and reliable read/write non- vola- 
tile r~ndom 
access 
memory. 
The Am28F256 
is pack- 


age~ in 32-pin 
PDIP, PLCC, and TSOP versions. 
The 


deviqe is also offered in the ceramic 
LCC package. 
It is 


desi~ned to be reprogrammed 
and erased in-system or 


in standard 
EPROM 
programmers. 
The Am28F256 
is 


erastd 
when shipped from the factory. 


The standard Am28F256 
offers access times as fast as 


70 n~, allowing 
operation 
of high-speed 
microproces- 
sors without 
wait states. 
To eliminate 
bus contention, 


the ~m28F256 
has separate 
Chip enable (GE) and out- 


put Table 
(OE) controls. 


AMDI's Flash memories 
augment 
EPROM functionality 


with in-circuit 
electrical 
erasure and programming. 
The 
Am28F256 
uses a command 
register 
to manage 
this 


functionality, 
while 
maintaining 
a 
standard 
JEDEC 


Flash Standard 32-pin pinout. The command 
register al- 


lows for 100% TTL level control 
inputs and fixed power 


SUPPlY levels during erase and programming. 


AMD's 
Flash 
technology 
reliably 
st<;>res memory 


contents 
even after 10,000 erase and program 
cycles. 


~ 
Advanced 
Micro 
Devices 


• 
Latch-up 
protected 
to 100 mA 
from -1 V to Vcc +1 V 


• 
Flasherase 
Electrical 
Bulk Chip-Erase 


- 
One second typical chip-erase 


• 
Flashrite 
Programming 


- 
10 lls typical byte-program 


- 
0.5 second typical chip program 


• 
Command 
register architecture 
for 


microprocessor/microcontroller 
compatible 


write interface 


• 
On-chip address 
and data latches 


• 
Advanced 
CMOS flash memory 
technology 


- 
Low cost single transistor 
memory 
cell 


• 
Automatic 
write/erase 
pulse stop timer 


The AM D cell is designed to optimize the erase and pro- 
gramming 
mechanisms. 
In addition, 
the combination 
of 


advanced tunnel oxide processing 
and low internal elec- 


tric fields for erase and programming 
operations 
pro- 


duces 
reliable 
cycling. 
The 
Am28F256 
uses 
a 


12.0 V ± 5% Vpp supply to perform 
the Flasherase 
and 


Flashrite algorithms. 


The highest degree 
of latch-up 
protection 
is achieved 


with 
AM D's 
proprietary 
non-epi 
process. 
Latch-up 


protection 
is provided 
for stresses 
up to 100 milliamps 


on address and data pins from -1 V to Vcc +1 V. 


The Am28F256 
is byte programmable 
using 10 lls pro- 


gramming 
pulses 
in accordance 
with AMD's 
Flashrite 


programming 
algorithm. 
The typical 
room temperature 


programming 
time of the Am28F256 
is a half a second. 
The entire chip is bulk erased using 10 ms erase pulses 
according 
to AMD's 
Flasherase 
alrogithm. 
Typical era- 


sure at room temperature 
is accomplished 
in less than 


one second. 
The windowed 
package 
and the 
15-20 


minutes required for EPROM erasure using ultra-violet 
light are eliminated. 
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Commands 
are written to the command 
register using 
standard 
microprocessor 
write timings. 
Register 
con- 
tents serve as inputs to an internal state-machine 
which 


controls 
the erase 
and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 
operations. 
For 
system 
design 
simplification, 
the 
Am28F256 
is designed to support either WE or CE con- 
trolled writes. 
During a system 
write cycle, 
addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rjsing edge of WE or 


CE whichever 
occurs first. To simplify the following 
dis- 
cussion, the WE pin is used as the write cycle control pin 
throughout 
the rest of this text. All setup and hold times 


are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM 
experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F256 
electrically 
erases 
all bits simultaneously 


using 
Fowler-Nordheim 
tunneling. 
The 
bytes 
are 


programmed 
one byte at a time using the EPROM pro- 
gramming 
mechanism 
of hot electron 
injection. 


Vcc - 


Vss - 


Vpp 


Command 
Register 
Chip Enable 
Output Enable 


Logic 


Familv 
Part No.: 
Am28F256 


Ordering Part No.: 


±10% Vcc Tolerance 
- 
-90 
-120 
-150 
-200 
-250 


+5% Vcc Tolerance 
-75 
-95 
- 
- 
- 
- 
Max Access Time (ns) 
70 
90 
120 
150 
200 
250 


CE (E) Access (ns) 
70 
90 
120 
150 
200 
250 
OE (G) Access (ns) 
35 
35 
50 
55 
55 
55 


AMD~ 


PLCC· 


~ 


~() 
() 
~ 
~ IW () 
<:z 
z > > :i: z 


4 
3 
2 
1 32 31 30 
• 
A14 
5 
29 


6 
28 
A13 


7 
27 
A8 


8 
26 
A9 


9 
25 
A11 


10 
24 
OE(G) 


11 
23 
A1D 


12 
22 
CE (E) 


13 
21 
DO? 


14 15 16 17 18 19 20 
11560E-3 
~ 
N 
</)('1... 
lJ') 
to 
00 
</)0 000 
00 
>0 
000 


CONNECTION DIAGRAMS 
DIP 


Vpp 
Vcc 


NC 
WE(W) 


NC 
NC 


A12 
A14 
A7 


A7 
A13 
A6 


A6 
A8 
AS 


AS 
A9 
A4 


A4 
A11 
A3 


A3 
OE(G) 
A2 


A2 
A1D 
A1 


A1 
CE(E) 
AD 


AD 
D07 
DOD 


DOD 
D06 


D01 
DOS 


D02 
D04 


Vss 
D03 


11560E-2 


Note: 
pin 
1 is marked 
for orientation. 


"Also available 
in Lee. 
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TSOP PACKAGES 


A11 
10 
32 
OE 
A9 
2 
31 
A10 
AS 
3 
30 
CE 
A13 
4 
29 
07 
A14 
5 
28 
06 
NC 
6 
27 
05 
WE 
7 
26 
04 


Vcc 
8 
25 
03 
Vpp 
9 
24 
Vss 
NC 
10 
23 
02 
NC 
11 
22 
01 
A12 
12 
21 
DO 
A7 
13 
20 
AO 
A6 
14 
19 
A1 
A5 
15 
18 
A2 
A4 
16 
17 
A3 


28F256 Standard 
Pinout 


OE 
1\7 
32 
A11 
A10 
2 
31 
A9 
CE 
3 
30 
A8 
07 
4 
29 
A13 
06 
5 
28 
A14 
05 
6 
27 
NC 
04 
7 
26 
WE 
03 
8 
25 
Vcc 
Vss 
9 
24 
Vpp 
02 
10 
23 
NC 
01 
11 
22 
NC 
DO 
12 
21 
A12 
AO 
13 
20 
A7 
A1 
14 
19 
A6 
A2 
15 
18 
A5 
A3 
16 
17 
A4 


28F256 Reverse 
Pinout 
11560E-4 


28F256 32K x 8 Flash Memory 
in 32·Lead 
TSOP 


LOGIC SYMBOL 


CE(E) 


OE (G) 


WE(W) 


O~DERING 
INFORMATION 
Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The ordering 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 
Blank 
Standard 
Processing 
B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C 
Commercial 
(O°C to +70°C) 


I 
Industrial 
(-40°C 
to + 85°C) 
E 
Extended 
(-55°C 
to + 125°C) 


PACKAGE 
TYPE 
P 
= 32-Pin 
Plastic 
DIP (PO 032) 


J 
= 32-Pin 
Rectangular 
Plastic 
Leaded 


Chip Carrier 
(PL 032) 
L 
= 32-Pin 
Rectangular 
Ceramic 
Leadless 
Chip Carrier 
(CLR 032) 
E = 32-Pin 
TSoP 
Standard 
Pinout 
(TS 032) 


F = 32-Pin 
TSoP 
Reverse 
Pinout 
(TSR 032) 


SPEED 
See Product 
Selector 
Guide 
and 
Valid Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F256 
256 Kilobit 
(32K x 8-Bit) 
CMOS 
Flash Memory 


Valid 
Combinations 


Am28F256-75 
PC, JC, LC, 


Am28F256-90 
EC,FC 


Am28F256-95 


Am28F256-120 
PC, PI, PE, PEB, 


Am28F256-150 
JC, JI, JE, JEB, 


Am28F256-200 
LC, L1, LE, LEB, 
EC, FC, EI, FI, 


EE, FE,EEB,FEB 


Valid 
Cpmblnations 


Valid Combinations 
list configurations 
planned 
to 
be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 
released 
combinations. 
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PIN DESCRIPTION 


Ao-A14 
Address 
Inputs for memory 
locations. 
Internal latches 


hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active 
low input activates 
the chip's 


control 
logic and input buffers. 
Chip 
Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DQo-DQ7 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 
nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 
Power supply for erase and programming. 
Vpp must be 


at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 


alter the memory array contents. 
Memory contents can- 


not be altered when Vpp ~ Vcc +2 V. 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 


function 
of the command 
register to the memory 
array. 


The target address 
is latched on the falling edge of the 


Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


The Am28F256 
uses 100% TIL-Ievel 
control 
inputs to 
manage 
the command 
register. 
Erase and reprogram- 
ming operations 
use a fixed 12.0 V ± 5% power supply. 


RJad Only Memory 


Without high Vpp voltage, the Am28F256 
functions 
as a 
read 
only 
memory 
and 
operates 
like 
a 
standard 


EPROM. 
The 
control 
inputs 
still 
manage 
traditional 


read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
mi~g operations 
are only accessed 
via the register. 
In 


addition, 
two-cycle 
commands 
are required 
for erase 
and reprogramming 
operations. 
The traditional 
read, 
standby, 
output 
disable, 
and Auto 
select 
modes 
are 
available 
via the register. 


ThE! Am28F256's 
command 
register 
is written 
using 
starndard 
microprocessor 
write 
timings. 
The 
register 


controls an internal state machine that manages all de- 
vice operations. 
For system 
design 
simplification, 
the 
Am28F256 
is designed 
to support 
either 
WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dre~ses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 
of WE or CE whichever 
occur first. To simplify the follow- 
ing discussion, 
the WE pin is used as the write cycle 
conlrol pin throughout 
the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 


Flasherase 
Sequence 


A multiple step command 
sequence 
is required to erase 
the Flash device 
(a two-cycle 
Erase command 
and re- 
peated one cycle verify commands). 


Note: 
The Flash memory array must be completely pro- 


grammed 
to O's prior to erasure. 
Refer to the Flashrite 
Algorithm. 


1. Erase Set-Up: 
Write the Set-up Erase command 
to 


.the command 
register. 


2. 
Erase: 
Write the Erase command 
(same as Set-up 


Erase 
command) 
to the command 
register 
again. 


The second command 
initiates the erase operation. 


The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. 
An integrated 
stop timer prevents 


any possibility 
of overerasure. 


3. 
Erase-Verify: 
Write the 
Erase-verify 
command 
to 


the command 
register. 
This command 
terminates 
the erase operation. 
After the erase operation, 
each 


byte of the array must be verified. 
Address 
informa- 
tion 
must 
be supplied 
with the 
Erase-verify 
com- 


mand. 
This 
command 
verifies 
the 
margin 
and 


outputs the addressed 
byte in order to compare 
the 


array data with FFH data (Byte erased). 
After suc- 


cessful data verification 
the Erase-verify 
command 
is written again with new address 
information. 
Each 


byte 
of the 
array 
is sequentially 
verified 
in this 


manner. 


If data 
of the addressed 
location 
is not verified, 
the 


Erase 
sequence 
is repeated 
until the entire 
array 
is 
successfully 
verified 
or 
the 
sequence 
is 
repeated 


1000 times. 


Flashrite 
Programming 
Sequence 


A three step command 
sequence 
(a two-cycle 
Program 
command 
and one cycle Verify command) 
is required to 


program a byte of the Flash array. Referto 
the Flashrite 


Algorithm. 


1. Program 
Set-Up: 
Write the Set-up 
Program 
com- 


mand to the command 
register. 


2. 
Program: 
Write the Program command 
to the com- 


mand 
register 
with 
the 
appropriate 
Address 
and 


Data. The system software 
routines must now time- 
out the program 
pulse width (10 Ils) prior to issuing 


the 
Program-verify 
command. 
An integrated 
stop 


timer prevents 
any possibility 
of overprogramming. 


3. 
Program-Verify: 
Write 
the 
Program-verify 
com- 


mand to the command 
register. 
This command 
ter- 


minates the programming 
operation. 
In addition, this 
command 
verifies 
the margin 
and outputs 
the byte 


just programmed 
in order to compare 
the array data 
with the original data programmed. 
After successful 


data verification, 
the programming 
sequence 
is initi- 


ated 
again 
for 
the 
next 
byte 
address 
to 
be 


programmed 
. 


If data 
is not verified 
successfully, 
the 
Program 
se- 


quence 
is repeated 
until a successful 
comparison 
is 
verified or the sequence 
is repeated 
25 times. 


Data Protection 


The Am28F256 
is designed 
to offer protection 
against 


accidental 
erasure or programming, 
caused by spurious 


system level signals that may exist during power transi- 
tions. 
The Am28F256 
powers up in its read only state. 


Also, with its control 
register 
architecture, 
alteration 
of 


the memory contents 
only occurs after successful 
com- 


pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 


prevent 
inadvertent 
write 
cycles 
resulting 
fromVcc 


power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 


than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all intemal 
program/erase 
cir- 
cuits 
are disabled. 
The device 
will reset to the read 


mode. Subsequent 
writes will be ignored 
until the Vcc 


level is greater than VLKO.It is the users responsibility 
to 


ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing is inhibited by holding anyone 
of OE = VIL, CE = 


VIH or WE = VIH. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-upofthe 
device with WE = CE = VIL and OE = VIH 


will not accept commands 
on the rising edge of WE. The 


internal state machine 
is automatically 
reset to the read 


mode on power-up. 


FUNCTIONAL DESCRIPTION 
Description Of User Modes 


Table 1. Am28F256 
User Bus Operations 


Operation 
CE 
OE 
WE 
Vpp 


(E) 
~ 
(W) 
(Note 1) 
AO 
A9 
I/O 


Read 
VIL 
VIL 
X 
VPPL 
AO 
A9 
Dour 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output Disable 
VIL 
VIH 
VIH 
VPPL 
X 
X 
HIGHZ 
Read-Only 
Auto-select Manufacturer 
VIL 
VIL 
VIH 
VPPL 
VIL 
VID 
CODE 
Code (Note 2) 
(Note 3) 
(01H) 


Auto-select Device Code 
VIL 
VIL 
VIH 
VPPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(A1H) 


Read 
VIL 
VIL 
VIH 
VPPH 
AO 
A9 
Dour 
(Note 4) 


ReadlWrlte 
Standby (Note 5) 
VIH 
X 
X 
VPPH 
X 
X 
HIGHZ 


Output Disable 
VIL 
VIH 
VIH 
VPPH 
X 
X 
HIGHZ 


Write 
VIL 
VIH 
VIL 
VPPH 
AO 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
V,L or V,H levels, 
VPPL= Vpp < Vee + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH, 0 V < An < Vee + 2 V. (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or < Vee +2.0 
V. VPPH is the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 11.5< V,D< 
13.0 V 


4. 
Read operation 
with Vpp = VPPH may access 
array data or the Auto select 
codes. 


5. 
With Vpp at high 
voltage, 
the standby 
current 
is Ice + Ipp (standby). 


6. 
Refer 
to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
V,L or V,H levels. 
In the Auto 
select 
mode 
all 


addresses 
except 
Ag and Ao must be held at VIL. 


READ ONLY MODE 


Vpp < Vcc + 2 V 
COf"mand 
Register 
Inactive 


Read 


The Am28F256 
functions 
as a read only memory when 


Vpp < Vcc + 2 V. The Am28F256 
has two control func- 


tions. Both must be satisfied 
in order to output data. CE 


controls power to the device. This pin should be used for 
specific 
device 
selection. 
OE controls 
the device 
out- 
puts and should be used to gate data to the output pins if 
a device 
is selected. 


Address access time IAcc is equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 


cess time tCE is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data atthe output pins (assuming the addresses 
hav~ been stable at least IACC-tOE). 


Standby Mode 


The Am28F256 
has two standby 
modes. 
The CMOS 


standby mode (CE input held at Vcc ±0.5 V), consumes 
less than 100 J.1Aof current. TIL 
standby 
mode (CE is 


held at VIH) reduces 
the current 
requirements 
to less 


than 1mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If th~ device 
is deselected 
during 
erasure, 
program- 


ming, or program/erase 
verification, 
the device will draw 


active current until the operation 
is terminated. 


Output Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 


pedance 
state. 


AMD t1 


Auto Select 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intendedforthe 
purpose of auto- 


matically matching the device to be programmed 
with its 


corresponding 
programming 
algorithm. 
This 
mode 
is 


functional 
over 
the 
entire 
temperature 
range 
of the 


device. 
. 


Programming In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VID (11.5 V to 13.0 V) on address 
A9. Two 


identifier bytes may then be sequenced 
from the device 


outputs by toggling 
address Ao from Vil to VIH. All other 


address lines must be held at Vll, and Vpp must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AD = Vll) 
represents 
the manufacturer 


code and byte 1 (AD = VIH)the device identifier code. For 
the Am28F256 
these two bytes are given in the table be- 


low. All identifiers 
for manufacturer 
and device 
codes 


will exhibit odd parity with the MSB (007) defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and READ 
MODE 
section 
for program- 


ming the Flash memory device in-system). 


Code 


Type 
AO 
(HEX) 
DQ7 
DQ6 
DQS 
DQ4 
DQ3 
DQ2 
DQ1 
DQO 


Manufacturer Code 
Vil 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device Code 
VIH 
Al 
1 
0 
1 
0 
0 
0 
0 
1 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command Register Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 


activate the command 
register. Data written to the regis- 


ter serves 
as input to the internal 
state machine. 
The 
output of the state machine determines 
the operational 


function 
of the device. 


The command 
register does not occupy an addressable 
memory 
location. 
The register is a latch that stores the 
command, 
along with the address and data information 
needed to execute the command. 
The register is written 


by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 


dresses 
are latched 
on the falling 
edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings 
are used. 


The device requires the OE pin to be VIH for write opera- 
tions. This condition 
eliminates 
the possibility 
for bus 
contention 
during programming 
operations. 
In order to 
write, OE must be VIH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 


not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 
gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 
(Read Mode) in the absence 
of high voltage 
applied to 
the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 


cific data codes 
into the command 
register. 
Table 
3 


defines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when 
Vpp is high. To read from the device, write 


OOHinto the command 
register. Standard 
microproces- 
sor read cycles access data from the memory. 
The de- 
vice will remain 
in the read mode until the command 


register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 


upon Vpp power-up. 
The OOH(Read Mode) register de- 


fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 


memory contents 
does not occur during the Vpp power 
transition. 
Refer to the AC Read Characteristics 
and 


Waveforms 
for the specific timing parameters. 


First 
Bus 
Cycle 
Second 
Bus 
Cycle 


Operation 
Address 
Data 
Operation 
Address 
Data 
Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read 
Memory 
(Note 6) 
Write 
X 
OOH/FFH 
Read 
RA 
RD 


Read Auto select 
Write 
X 
80H or 90H 
Read 
OOH/01H 
01H/A1H 


Erase 
Set-up/EraseWrite 
Write 
X 
20H 
Write 
X 
20H 
(Note 4) 


Erase-Verify 
(Note 4) 
Write 
EA 
AOH 
Read 
X 
EVD 


Program 
Set-upl 
Write 
X 
40H 
Write 
PA 
PO 
Program 
(Note 5) 


Program-Verify 
(Note 5) 
Write 
X 
COH 
Read 
X 
PVO 


Reset 
(Note 6) 
Write 
X 
FFH 
Write 
X 
FFH 


Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 
EA = Address 
of the memory 
location 
to be read during 
erase-verify. 


PA = Address 
of the memory 
location 
to be programmed. 


X = Don't 
care. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 


3. 
RD = Data read from location 
RA during 
read operation. 
EVD = Data read from location 
EA during 
erase-verify. 


PO = Data to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


PVD 
= Data read from location 
PA during program-verify. 
PA is latched 
on the Program 
command. 


4. 
Figure 
1 illustrates 
the Flasherase 
Electrical 
Erase Algorithm. 


5. 
Figure 3 illustrates 
the Flashrite 
Programming 
Algorithm. 


6. 
Please 
reference 
Reset 
Command 
section. 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD's Flasherase 
and Flashrite 
Algorithms 
Flasherase 
Erase Sequence 


Erase Set-Up/Erase 
Commands 


Erase Set-Up 


Erase Set-up is the first of a two-cycle 
erase command. 


It is a command-only 
operation 
that stages the device 


for bulk chip erase. The array contents 
are not altered 


with this command. 
20H is written to the command 
reg- 


ister in order to perform the Erase Se -up operation. 


Erase 


The second two-cycle 
erase command 
initiates the bulk 


erase operation. 
You must write the Erase command 


(20H) again to the register. The erase operation 
begins 


Withjthe rising edge of the WE pulse. The erase opera- 
tion must 
be terminated 
by writing 
a new command 


(Erase-verify) 
to the register. 


This two step sequence 
of the Set-up and Erase com- 


mands helps to ensure that memory contents are not ac- 
cidertally 
erased. 
Also, 
chip 
erasure 
can only occur 


wher 
high voltage is applied to the Vpp pin and all control 


pins are in their proper state. In absence of this high volt- 
age, memory 
contents 
cannot be altered. 
Refer to AC 


Erase Characteristics 
and Waveforms 
for specific tim- 


ing parameters. 


Note: 
The 
F/ash 
memory 
device 
must 
be 
fully 


programmed 
to OOH data prior to erasure. 
This equa/- 


izes the charge 
on all memory 
cells ensuring 
reliable 


erasure. 


Erase-Verify 
Command 


The erase 
operation 
erases 
all bytes of the array 
in 


parallel. 
After the erase 
operation, 
all bytes 
must be 


sequentially 
verified. The Erase-verify 
operation 
is initi- 


ated by writing AOH to the register. The byte address to 
be verified 
must be supplied 
with the command. 
Ad- 


dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever 
occurs later. The rising edge of 


the WE pulse terminates 
the erase operation. 


Margin 
Verify 


During the Erase-verify 
operation, 
the Am28F256 
ap- 


plies an internally 
generated 
margin voltage to the ad- 


dressed 
byte. Reading 
FFH from the addressed 
byte 


indicates that all bits in the byte are properly 
erased. 


Verify 
Next Address 


You must write the Erase-verify 
command 
with the ap- 


propriate 
address to the register 
prior to verification 
of 


each address. 
Each new address is latched on the fail- 


ing edge of WE orCE pulse, whichever 
occurs later. The 


process continues for each byte in the memory array un- 
til a byte does not return FFH data or all the bytes in the 
array are accessed 
and verified. 


If an address is not verified to FFH data, the entire chip is 
erased again (refer to Erase Set-up/Erase). 
Erase verifi- 


cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. 
At 


this point, the verification 
operation 
is terminated 
by 


writing 
a valid command 
(e.g. Program 
set-up) to the 


command 
register. Figure 1 and Table 4, the Flasherase 


electrical erase algorithm, 
illustrate how commands 
and 


bus operations 
are combined 
to perform 
electrical 
era- 


sure. Referto AC Erase Characteristics 
and Waveforms 


for specific timing parameters. 
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Figure 1. Flasherase 
Electrical 
Erase Algorithm 


Flasherase Electrical Erase Algorithm 


This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, 
and 


number of erase/program 
cycles on the device. 
In gen- 


eral, reprogramming 
time increases 
as the number of 


erase/program 
cycles increases. 


The Flasherase 
electrical 
erase algorithm 
employs 
an 


interactive 
closed loop flow to simultaneously 
erase all 


bits i~ the array. Erasure begins with a read of the mem- 
ory contents. 
The Am28F256 
is erased when shipped 


from the factory. 
Reading 
FFH data from the device 


would immediately 
be followed 
by executing 
the Flash- 


rite programming 
algorithm 
with the appropriate 
data 


pattern. 


Should the device be currently 
programmed, 
data other 


than FFH will be returned 
from address 
locations. 
Fol- 


low the Flasherase 
algorithm. 
Uniform and reliable era- 


sure 
is ensured 
by first 
programming 
all bits 
in the 


device 
to their charged 
state 
(Data 
= OOH). This 
is 


accomplished 
using the 
Flashrite 
Programming 
algo- 


rithm. Erasure then continues 
with an initial erase op- 
eration. 
Erase 
verification 
(Data 
= FFH) 
begins 
at 


address OOOOHand continues 
through 
the array to the 


last address, 
or until data other than FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each erase 
operation, 
an increasing 
number 
of 


bytes verify to the erased state. Typically, 
devices 
are 
erased in less than 100 pulses (one second). 
Erase effi- 


ciency may be improved 
by storing the address 
of the 
last byte that fails to verify in a register. 
Following 
the 
next erase operation, 
verification 
may start at the stored 
address 
location. 
A total of 1000 erase pulses 
are al- 


lowed per reprogram 
cycle, which corresponds 
to ap- 


proximately 
10 seconds 
of cumulative 
erase time. The 


entire sequence 
of erase and byte verification 
is per- 
formed with high voltage applied to the VPP pin. Figure 1 
illustrates the electrical 
erase algorithm. 


Bus 
Operations 
Command 
Comments 


Entire memory 
must = OOH before 
erasure 
(Note 3) 


Note: 
Use Flashriteprogramming 
algorithm 
(Figure 
3) for 
programming. 


Standby 
Wait for Vpp ramp to VPPH (Note 
1) 


Initialize: 
Addresses 
PLSCNT 
(pulse 
count) 


Write 
Erase Set-Up 
Data = 20H 


Write 
Erase 
Data = 20H 


Standby 
Duration 
of Erase Operation 
(tWHWHZ) 


Write 
Erase-Verify 
(Note 2) 
Address 
= Byte to Verify 


Data = AOH 
Stops 
Erase Operation 


Standby 
Write Recovery 
Time before 
Read = 6 ~s 


Read 
Read byte to verify 
erasure 


Standby 
Compare 
output 
to FFH 
Increment 
pulse count 


Write 
Reset 
Data = FFH, reset the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPl (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPHor VPPL. The Vpp power 
supply 
can be hard-wired 
to the device 
or switchabJe. 


When 
Vpp is switched, 
VPPL may be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. 


2. 
Era~e 
Verify is performed 
only after chip erasure. 
A final read compare 
may be performed 
(optional) 
after the register 
is 
writien 
with the read command. 


3. 
The erase 
algorithm 
Must 
Be Followed 
to ensure 
proper 
and reliable 
operation 
of the device. 
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Bus Cycle 
Write 
Write 
Time-out 
Write 
Time-out 
Read 
Standby 


Command 
20H 
20H 
NfA 
AOH 
NfA 
Compare 
NfA 


Data 


Function 
Erase 
Erase 
Erase 
Erase- 
Transition 
Erase 
Proceed per 
Set-up 
(lams) 
Verify 
(6j.l.s) 
Verification 
Erase 
Algorithm 


Analysis 
of Erase Timing 
Waveform 


Note: 
This analysis does not include the requirement 
to 


program 
the entire array to OOH data prior to erasure. 


Refer to the Flashrite algorithm. 


Erase Set-Up/Erase 


This analysis illustrates the use of two-cycle 
erase com- 
mands 
(section 
A and 
B). The first erase command 


(20H) is a set-up command 
and does not affect the array 


data (section A). The second erase command 
(20H) in- 
itiates the erase operation 
(section B) on the rising edge 


of this WE pulse. 
All bytes of the memory 
array are 


erased in parallel. 
No address 
information 
is required. 


The erase pulse occurs in section C. 


Time-Out 


A software timing routine (10 ms duration) 
must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated 
stop timer prevents 
any possibility 


of overerasure 
by limiting each time-out period of 10 ms. 


Erase-Verify 


Upon completion 
of the erase software 
timing routine, 


the microprocessor 
must write 
the 
Erase-verify 
com- 


mand (AOH). This command 
terminates 
the erase op- 


eration on the rising edge of the WE pulse (section 
D). 


The Erase-verify 
command 
also stages the device for 


data verification 
(section 
F). 


After each erase operation 
each byte must be verified. 
The byte address 
to be verified 
must be supplied 
with 


the Erase-verify 
command 
(section 
D). Addresses 
are 


latched on the falling edge of the WE pulse. 


Another software timing routine (6 ~s duration) 
must be 


executed to allow for generation 
of internal voltages 
for 


margin checking 
and read operation 
(section 
E). 


During Erase-verification 
(section 
F) each address that 


returns FFH data is successfully 
erased. Each address 


of t~e array is sequentially 
verified in this manner by re- 


peating sections 0 thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections 
A thru F. Resume verification 
(section 
D) with 


the failed address. 


Each data change sequence 
allows the device to use up 


to 1,000 erase 
pulses 
to completely 
erase. 
Typically 


100 erase pulses are required. 


Note: 
All address 
locations 
must 
be programmed 
to 


OOH prior 
to erase. 
This equalizes 
the charge 
on all 


memory cells, and ensures reliable erasure. 


Flashrite Programming 
Sequence 


Program 
Set-Up/Program 
Command 


Program 
Set-Up 


The!Am28F256 
is programmed 
byte by byte. Bytes may 


be ~rogrammed 
sequentially 
or at random. 
Program 


Set-up is the first of a two-cycle 
program 
command. 
It 


stages the device for byte programming. 
The Program 


Set-up 
operation 
is performed 
by writing 
40H to the 


command 
register. 


Program 


Onl~ after the program 
set-up operation 
is completed 


will1he 
next WE pulse initiate the active programming 


ope1ation. 
The appropriate 
address 
and data for pro- 


gral"(lming must be available 
on the second WE pulse. 


Addresses 
and data are internally latched on the falling 


and rising edge of the WE pulse respectively. 
The rising 


edge of WE also begins 
the programming 
operation. 
You must write the Program-verify 
command 
to termi- 


nate the 
programming 
operation. 
This two 
step 
se- 


quence of the Set-up and Program commands 
helps to 


ensJre that memory contents 
are not accidentally 
writ- 


ten. f-Iso, programming 
can only occur when high volt- 


age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents 
cannot be programmed. 


Refer to AC Characteristics 
and Waveforms 
for specific 


timing parameters. 


Program 
Verify 
Command 


Following 
each programming 
operation, 
the byte just 


programmed 
must be verified. 


Write COH into the command 
register in order to initiate 


the Program-verify 
operation. The rising edge of this WE 


pulse terminates 
the programming 
operation. 
The Pro- 


gram-verify 
operation 
stages the device for verification 


of the last byte programmed. 
Addresses 
were 
previ- 


ously latched. 
No new information 
is required. 


Margin 
Verify 


During the Program-verify 
operation, the Am28F256 
ap- 


plies an internally 
generated 
margin voltage to the ad- 


dressed 
byte. 
A 
normal 
microprocessor 
read 
cycle 


outputs the data. A successful 
comparison 
between the 


programmed 
byte and the true data indicates 
that the 


byte 
was 
successfully 
programmed. 
The 
original 


programmed 
data 
should 
be stored 
for comparison. 


Programming 
then proceeds to the next desired byte lo- 


cation. Should the byte fail to verify, reprogram 
(refer to 


Program 
Set-up/Program). 
Figure 3 and Table 5 indi- 


cate how instructions 
are combined 
with the bus opera- 


tions 
to 
perform 
byte 
programming. 
Refer 
to 
AC 


Programming 
Characteristics 
and Waveforms 
for spe- 


cific timing parameters. 


Flashrite 
Programming 
Algorithm 


The Am28F256 
Flashrite Programming 
algorithm 
em- 


ploys an interactive 
closed 
loop flow to program 
data 


byte by byte. Bytes may be programmed 
sequentially 
or 


at random. The Flashrite Programming 
algorithm 
uses 


10 microsecond 
programming 
pulses. Each operation 
is 


followed by a byte verification 
to determine when the ad- 


dressed byte has been successfully 
programmed. 
The 


program algorithm 
allows for up to 25 programming 
op- 


erations per byte per reprogramming 
cycle. Most bytes 


verify 
after the first or second 
pulse. 
The 
entire 
se- 


quence 
of programming 
and byte verification 
is per- 
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 5 illustrate the programming 
algorithm. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp ramp to VpPH (Note 
1) 


Initialize 
pulse 
counter 


Write 
Program 
Set-Up 
Data = 40H 


Write 
Program 
Valid Address/Data 


Standby 
Duration 
of Programming 
Operation 
(tWHWH1) 


Write 
Program-Verify 
(2) 
Data = COH Stops 
Program 
Operation 


Standby 
Write 
Recovery 
Time before 
Read = 6 ~s 


Read 
Read byte to verify 
programming 


Standby 
Compare 
data output 
to data expected 


Write 
Reset 
Data = FFH, resets the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPL (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPH. The Vpp power 
supply 
can be hard-wired 
to the device or switchable. 
When Vpp is 


switched. 
VPPL may be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. 


2. 
Program 
Verify is performed 
only after byte programming. 
A final read/compare 
may be performed 
(optional) 
after the 
register 
is written 
with the read command. 
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Bus Cycle 
Write 
Write 
Time-out 
Write 
Time-out 
Read 
Standby 


Cdmmand 
40H 
Program 
N/A 
COH 
N/A 
Compare 
N/A 
Address, 
(Stops 
Data 
Program 
Program) 
Data 


Function 
Program 
Program 
Program 
Program 
Transition 
Program 
Proceed 
per 
Set-up 
Command 
(10 J.ls) 
Verify 
(6 J.ls) 
Verification 
Programming 


I 


Latch Address 
Algorithm 


& Data 


Figure 
4. A.C. Waveforms 
for Programming 
Operations 


Analysis 
of Program 
Timing 
Waveforms 
Program-Verify 


Program 
Set-Up/Program 
Upon completion 
of the program timing routine, the mi- 


Two-pycle 
write 
commands 
are required 
for program 
croprocessor 
must write the program-verify 
command 
oper'jltions 
(section 
A and B). The first program 
com- 
(COH). This command 
terminates 
the programming 
op- 
mand (40H) is a set-up command 
and does not affect 
eration on the rising edge of the WE pulse (section 
D). 


the array data (section 
A). The second 
program 
com- 
The program-verify 
command 
also stages the device for 
mand latches address 
and data required for program- 
data verification 
(section 
F). Another 
software 
timing 
ming on the falling and rising edge of WE respectively 
routine 
(6 liS duration) 
must be executed 
to allow for 
(section B). The rising edge of this WE pulse (section B) 
generation 
of internal voltages for margin checking 
and 
also 
initiates 
the 
programming 
pulse. 
The device 
is 
read operations 
(section 
E). 
progr~mmed 
on a byte by byte basis either sequentially 
or randomly. 


The program 
pulse occurs in section C. 


Time-Out 


A sof~are 
timing routine (10 liS duration) 
must be initi- 
ated 6n the rising edge of the WE pulse of section B. 


Note: 
An integrated 
stop timer prevents 
any possibility 
of overprogramming 
by limiting each time-out period of 
10 J!s. 


During program-verification 
(section 
F) each byte just 
programmed 
is read to compare 
array data with original 
program 
data. When successfully 
verified, the next de- 


sired address is programmed. 
Should a byte fail to ver- 
ify, reprogram 
the byte (repeat section 
A thru F). Each 
data change 
sequence 
allows the device to use up to 
25 program pulses per byte. Typically, 
bytes are verified 
within one or two pulses. 


Algorithm 
Timing 
Delays 


There are four different 
timing delays 
associated 
with 


the Flasherase 
and Flashrite algorithms: 


1. The first delay 
is associated 
with the 
Vpp 
rise-time 


when 
Vpp 
first turns on. The capacitors 
on the Vpp 


bus cause an RC ramp. After switching 
on the Vpp, 
the delay required 
is proportional 
to the number of 
devices 
being 
erased 
and the 0.1 IlF/device. 
Vpp 


must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 


(10 ms). A software 
timing routine should be run by 


the local microprocessor 
to time out the delay. The 


erase operation 
must be terminated 
at the conclu- 


sion of the timing 
routine or prior to executing 
any 


system 
interrupts 
that may occur during the erase 


operation. 
To ensure proper device operation, 
write 


the Erase-verify 
operation 
after each pulse. 


3. A third delay time is required for each programming 


pulse width (10 Ils). The programming 
algorithm 
is 
interactive 
and verifies 
each byte after a program 


pulse. The program operation 
must be terminated 
at 
the conclusion 
of the timing routine or prior to execut- 


ing any system 
interrupts 
that may occur during the 
programming 
operation. 


4. 
A 
fourth 
timing 
delay 
associated 
with 
both 
the 
Flasherase 
and Flashrite algorithms 
is the write re- 


covery time (6Ils). 
During this time internal circuitry 


is changing 
voltage 
levels from the erase/ program 


level 
to those 
used 
for 
margin 
verify 
and 
read 


operations. 
An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly 
erased or programmed). 


Note: 
Software 
timing routines 
should 
be written in machine 


language 
for each of the delays. 
Code written in ma- 


chine language 
requires 
knowledge 
of the appropriate 


microprocessor 
clock speed in order to accurately 
time 


each delay. 


Parallel 
Device 
Erasure 


Many applications 
will use more than one Flash memory 


device. 
Total erase time may be minimized 
by imple- 
menting 
a parallel 
erase 
algorithm. 
Flash 
memories 


may erase 
at different 
rates. 
Therefore 
each device 
must be verified 
separately. 
When 
a device 
is com- 
pletely erased and verified 
use a masking code to pre- 
vent further erasure. 
The other devices will continue 
to 
erase until verified. The masking code applied could be 
the read command 
(OOH). 


Power-Up 
Sequence 


The 
Am28F256 
powers-up 
in the 
Read 
only 
mode. 


Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memory 
de- 
vice to the Read mode. In addition, 
it also provides 
the 


user with a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset command 
must be written two consecutive 
times after the set-up 
Program 
command 
(40H). This 


will reset the device to the Read mode. 


Following 
any other 
Flash command 
write 
the Reset 


command 
once to the device. This will safely abort any 


previous operation 
and initialize the device to the Read 


mode. 


The set-up 
Program 
command 
(40H) is the only com- 


mand that requires a two sequence 
reset cycle. The first 


Reset command 
is interpreted 
as program 
data. How- 


ever, FFH data is considered 
null data during program- 


ming operations 
(memory 
cells are only programmed 


from a logical "1" to "0"). The second 
Reset command 
safely aborts the programming 
operation 
and resets the 


device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 


prove easier to always 
issue the Reset command 
two 
consecutive 
times. 
This eliminates 
the need to deter- 
mine if you are in the set-up Program state or not. 


Programming 
In-System 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 
soldering the device to the board. 


Auto 
Select 
Command 


AM D's Flash memories 
are designed 
for use in applica- 


tions where the local CPU alters memory contents. 
Ac- 
cordingly, 
manufacturer 
and 
device 
codes 
must 
be 


accessible while the device resides in the target system. 
PROM 
programmers 
typically 
access 
the 
signature 
codes by raising A9 to a high voltage. 
However, 
multi- 


plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F256 
contains 
an Auto Select operation 
to 


supplement 
traditional 
PROM programming 
methodol- 


ogy. The operation 
is initiated by writing 80H or 90H into 
the command 
register. Following 
this command, 
a read 


cycle address OOOOHretrieves the manufacturer 
code of 


01 H. A read cycle from address 
0001 H returns the de- 
vice code A 1H (see Table 2). To terminate 
the opera- 


tion, it is necessary 
to write 
another 
valid command, 


such as Reset (FFH), into the register. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic 
Packages 
. . . . . . . .. 
-65°C 
to + 150°C 


Plastic Packages 
. . . . . . . 
. . -65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp (Note 1) 
-2.0 
V to +7.0 V 


Vcc(Note1) 
-2.0Vto+7.0V 


A9(Note2) 
-2.0Vto+14.0V 


Vpp (Note 2) . . . . . . . . . . . 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage on input or 110pins is -0.5 
V. During 


voltage 
transitions. 
inputs 
may overshoot 
Vss to -2.0 
V 
for periods 
of up to 20 ns. Maximum 
DC voltage on output 
and 
I/O pins 
is Vcc + 0.5 
V. During 
voltage 
transitions. 
outputs 
may 
overshoot 
to Vcc + 2.0 V for periods 
up to 
20ns. 


2. 
Minimum 
DC input 
voltage 
on A9 and Vpppins is -0.5 
V. 
During 
voltage 
transitions. 
A9 and Vppmay overshoot 
Vss 
to -2.0 
V for periods 
of up to 20 ns. Maximum 
DC input 
voltage 
on A9 and Vppis + 13.5 V which may overshoot 
to 
14.0 V for periods 
up to 20 ns. 


3. 
No more 
than 
one output 
shorted 
at a time. Duration 
of 
the short 
circuit 
should 
not be greater 
than one second. 


Strefses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ingsi 
may cause permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; 
functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the opera- 


tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 


tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Tc) 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Tc) 
-55°C 
to +125°C 


Vcc Supply 
Voltages 
Veefor Am28F256-X5 
.. 


Veefor Am28F256-XXO 
. 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program, 
Erase. and Verify 
+11.4 V to + 12.6 V 


Operating 
ranges 
define 
those 
limits 
between 
which 
the 
functionality 
of the device 
is guaranteed. 


+4.75 V to +5.25 V 


+4.50 V to +5.50 V 


~ 
AMD 


MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 
20 ns 
~~r2<xxxxx 


-2.0V~. 
.~ 
I 


Vcc + 0.5 V 


2.0 V 


20 ns 


XXXXX€," 
"~ 


20 ns 
xxmtJ" .~ 


DC CHARACTERISTICS 
over operating range unless otherwise specified (Notes 1-4) 


DC CHARACTERISTICS-TTLINMOS 
COMPATIBLE 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vee. 
Vee Max. 
±1.0 
J.1A 


VIN = Vee or Vss 


ILO 
Output 
Leakage 
Current 
Vee 
Vee Max. 
±1.0 
J.1A 


VOUT = Vee or Vss 


Ices 
Vee Standby 
Current 
Vee. 
VeeMax 
0.2 
1.0 
mA 


CE = VIH 


leel 
Vee Active 
Read Current 
Vee. 
Vee Max,CE 
= VIL. OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


lee2 
Vee Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


lee3 
Vee Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
±1.0 
J.1A 


IpP1 
Vpp Read Current 
Vpp = VpPH 
70 
200 


Vpp = VPPL 
±1.0 
!!A 


l 


pP2 
Vpp Programming 
Current 
Vpp = VpPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
VPP = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL 5.8 mA 
0.45 
V 


Vee 
Vee Min 


VOHl 
Output 
High Voltage 
IOH _-2.5 mA 
2.4 
V 


Vee 
Vee Min 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9= 
VID Max 
5 
50 
J.1A 


Vee 
Vee Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vee 
V 


Operations 
inhibited 
when 
VPp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vee Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Gaut/on: 
the Am28F256 
must not be removed 
from (or inserted 
into) a socket when 
Vcc or Vpp is applied. 


2. 
IqCl is tested with OE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage is the sum of Icc and Ipp. 


4. 
Not 100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vee 
VeeMax. 
± 1.0 
!LA 


VIN = Vee or Vss 


ILO 
Output 
Leakage 
Current 
Vee. 
Vee Max, 
± 1.0 
!LA 


VOUT = Vee or Vss 


Ices 
Vec Standby 
Current 
Vee. 
Vee Max 
15 
100 
!LA 


CE = Vee + 0.5 V 


leel 
Vec Active 
Read Current 
Vee. 
Vee Max,CE 
= VIL. OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


lee2 
Vee Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


lee3 
Vee Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VpPL 
± 1.0 
!LA 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 
!LA 


IpP2 
Vpp Programming 
Current 
Vpp = VpPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VpPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vee 
Vee 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
1m 
5.8 mA 
0.45 
V 


Vee 
Vce Min 


VOH1 
IOH -2.5 mA. Vee. 
Vee Min 
0.85 


Output 
High Voltage 
Vee 
V 
VOH2 
IOH -100 ~A, Vec . Vee Min 
Vec 
-0.4 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
!LA 


Vce 
Vee Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/ 
Program 
are 
0.0 
Vee 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vee Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F256 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
leel 
is tested 
with DE = VIH to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of lee and Ipp. 


4. 
Not 
100% tested. 


20 


Ice Active 
15 
in mA 


------ 


55°C 
---0-- 
O°C 


10 
-+- 
25°C 
~ 
70°C 
---...-- 
125°C 


5 


Figure 5. Am28F256-Average 
Ice Active vs. Frequency 
Vcc = 5.5 V, Addressing 
Pattern = Minmax 


Data Pattern = Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
B 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
B 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
B 
12 
pF 


Notes: 


1. 
Sampled, 
not 100% tested. 


2. 
Test conditions 
TA = 2SOC, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


AC CHARACTERISTICS-Read 
Only Operation (Notes 1-4) 


Parameter 
Am2BF256 


Symbols 
-90 
-120 
-150 
-200 
-250 
- 


JEDEC 
Standard 
Parameter 
Description 
-75 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read Cycle 
Time 
Min 
70 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tELQV 
tCE 
Chip Enable 
Min 
Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tAVQV 
tACC 
Address 
Min 
Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tGLQV 
tOE 
Output 
Enable 
Min 


Access 
Time 
Max 
35 
35 
50 
55 
55 
55 
ns 


tELQX 
tLl 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tEHQl 
tDF 
Chip Disable 
to 
Min 


Output 
in High Z (Note 3) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tGLQX 
tOLl 
Output 
Enable 
to 
Min 
0 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHQl 
tDF 
Output 
Disable 
to 
Min 


Output 
in High Z (Note 4) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tAXQX 
tOH 
Output 
Hold from first of 
Min 
0 
0 
0 
0 
0 
0 
ns 
Address, 
CE, or OE Change 
Max 
(Note 4) 


tWHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
6 
!!s 
Time 
before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
!!s 
Valid Read 
(Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and 
CL = 100 pF 


Input Rise and Fall Times: :;; 10 ns 
Input Pulse 
levels: 
0.45 
V to 2.4 
V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F256-75 
and Am28F256-95 
Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times::;; 
10 ns 


Input Pulse levels: 
0 V to 3 V 


Timing Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 


3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F256 
Symbols 
- 
-90 
-120 
-150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-75 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twe 
Write 
Cycle Time 
Min 
70 
90 
120 
150 
200 
250 
ns 


(Note 6) 
Max 


tAVWL 
tAS 
Address 
Set-Up 
Time 
Min 
a 
a 
a 
a 
a 
a 
ns 


Max 


tWJAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
60 
75 
75 
ns 


Max 


tDVWH 
tDS 
Data Set-Up 
Time 
Min 
45 
45 
50 
50 
50 
50 
ns 
Max 


ti 
DX 
tDH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 


Max 


tW~GL 
tWR 
Write 
Recovery 
Time 
Min 
6 
6 
6 
6 
6 
6 
~s 


before 
Read 
Max 


tGHWL 
Read 
Recovery 
Time 
Min 
a 
a 
a 
a 
a 
a 
~s 


before 
Write 
Max 


tELfL 
tes 
Chip Enable 
Min 
a 
a 
a 
a 
a 
a 
ns 
~et-Up 
Time 
Max 


tWHEH 
teH 
Chip Enable 
Min 
a 
a 
a 
a 
a 
a 
ns 


Hold Time 
Max 


tWLiH 
twp 
Write 
Pulse Width 
Min 
45 
45 
50 
60 
60 
60 
ns 
Max 


tWHWL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
20 
ns 


Width 
HIGH 
Max 


tWHWH1 
Duration 
of Programming 
Min 
10 
10 
10 
10 
10 
10 
~s 


Operation 
(Note 4) 
Max 


tWHvYH2 
Duration 
of 
Min 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
ms 


Erase 
Operation 
(Note 4) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
100 
ns 


Chip Enable 
LOW (Note 6) 
Max 


tves 
Vee Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
~s 


Chip Enable 
LOW 
(Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VpPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


10% VPPL (Note 6) 
Max 


tLKO 
Vee < VLKO 
Min 
100 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Noles: 


1. 
Rf(ad timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 


Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F256-75 
and Am28F256-95. 
Input Rise and Fall times: < 10 ns; Input Pulse Levels: 
0.45 VIa 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F256-75 
and Am28F256-95. 
Input Rise and Fall times: < 10 ns; Input Pulse Levels: 
0.0 Vto 3.0 
V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Mfximum 
pulse 
widths 
not required 
because 
the on-chip 
program/erase 
stop timer 
will terminate 
the pulse 
widths 
internally 
on the device. 


5. 
Chip-Enable 
Controlled 
Writes: 
Write operations 
are driven by the valid combination 
of Chip-Enable 
and 
Write-Enable. 
In 
systems 
where 
Chip-Enable 
defines 
the Write Pulse 
Width (within a longer 
Write-Enable 
timing 
waveform) 
all set-up, 
hold 
and inactive 
Write-Enable 
times 
should 
be measured 
relative 
to the Chip-Enable 
waveform. 


6. 
Not 100% tested. 


Must Be 
Steady 
Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10 


\\\\\ 


May 
Change 
from H to L 
IIIII 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


5.0 V 
Vcc 
OV 


Device and 
Outputs 
Data 
Power-Up, Standby 
Address Selection 
Enabled 
Valid 


SWITCHING WAVEFORMS 


IWLWH(lwp), 


IDW,"(IDS) 


5.0 V 
Vcc 
OV 


VPPH 


Vpp 


VPPL 
---- 


Program Command 
Latch Address & 
Data 


5.0 V 
Vcc 
OV 


VPPH 
Vpp 
VPPl 
_ 


Device 
Under 
Test 


Diodes 
= IN3064 
or Equivalent 


2.0 V 
2.0 V 
>Test Points< 


0.8 V 
0.8 V 


: : 
~~~~~~~)(1.S-- 
Test Points 
.••. 1.Sx= 


AC Testing: 
Inputs are driven 
at 2.4 V for a 
logic"1" 
and O.4S Vfor 
a logic "0". Input pulse 
rise and fall times 
are < 10 ns. 


AC Testing: 
Inputs 
are driven 
at 3.0 V for a 
logic "1" and 0 V for a logic "0". Input pulse 
rise 
and fall times 
are < 10 ns. 


Limits 


Parameter 
Max 
Unit 
Comments 


Min 
Typ 
(Note 
3) 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 
(Note 
1) 
(Note 2) 
prior to erasure 


Chip Programming 
Time 
0.5 
3 
s 
Excludes 
system-level 
overhead 
(Note 
1) 


Write/Erase 
Cycles 
10,000 
Cycles 


Notes: 


1. 
2S'C, 
12 V Vpp 


2. 
The FlasheraselFlashrite 
algorithms 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the FlasheraselFlashrite 
pulse 
count 
(Flasherase 
= 1000 max and Flashrite 
= 25 maxi. 
Typical 
worst case for program 
and erase 
operations 
is significantly 
less than the actual 
device 
limit. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
I/O pins 


(Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc 
+ 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


Parameter 
Test 
Conditions 
Min 
Un" 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


DATA SHEET REVISION SUMMARY FOR 
A'r'28F256 


Data sheet is Final now, and not Preliminary. 


Product 
Selector 
Guide 


Added -75 ns speed grade at 5% Vcc Tolerance. 


Ordering 
Information 
- Standard 
Products 


Added -75 ns speed grade to the Valid Combinations 
ta- 


ble. Removed 
DC package 
from 
Am28F256-75, 
-90, 
and -95. Removed 
DC, DI, DE, and DEB packages from 


Am28F256 
from -120, -150, and -200. Removed 
Pack- 


age Type D. 


Ordering 
Information 
- APL Products 


This page was removed. 


Erase, 
Program 
and Read Mode - Write 


Operations 


Re~oved 
Command 
Register Table and Bit 


assignments. 


Erase, 
Program 
and Read Mode - Read Command 


The statement 
requiring 
a 6 Ils wait before accessing 


the first addressed 
location was removed. 


Table 3 - Am28F256 
Command 
Definitions 


The note describing 
a 6 Jls wait before accessing 
the 


first addressed 
location was removed. 


Flasherase 
Erase Sequence 
- Erase Verify 


Command 


The address latched also depends on the falling edge of 
CE, whichever 
happens 
later. 


Flasherase 
Erase Sequence 
- Verify 
Next Address 


The new address 
latched 
also depends 
on the falling 


edge of CEo whichever 
happens 
later. 


Auto 
Select 
Command 


Programming 
In-System 


Titles for each section were switched. 


Programming 
In-System 


It is necessary to write a valid command, 
such as Reset, 


into the register. 


DC Characteristics 
- TTUNMOS 
Compatible 


Added 
Note 
4. Those 
characteristics 
are 
not 
100% 


tested. 


DC Characteristics 
- CMOS Compatible 


Added 
Note 
4. Those 
characteristics 
are 
not 
100% 


tested. 


AC Characteristics 
- Read Only Operation 
(Notes 
1 and 2) 


Added -75 timings. 
Added Am28F256-75 
to Note 2. 


AC Characteristics 
- Write/Erase/Program 
Operations 
(Notes 
1-5) 


Added Am28F256-75 
to Notes 2 and 3. 


SWitching 
Test Waveforms 


For Test Point figures also apply to Am28F256-75. 


- 
Am28F256A 


256 Kilobit (32,768 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory with Embedded 
Algorithms 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
High performance 


- 
70 ns maximum 
access time 


• 
CMOS low power 
consumption 


- 
30 mA maximum 
active current 


- 
100 j.t.Amaximum 
standby current 


- 
No data retention 
power consumption 


• 
Compatible 
with JEDEC-standard 
byte-wide 


32-Pln 
EPROM 
pinouts 


- 
32-pin DIP 


- 
32-pin PLCC 


- 
32-pin TSOP 


- 
32-pin LCC 


• 
100,000 write/erase 
cycles 
minimum 


• 
Write 
and erase voltage 
12.0 V ±5% 


• 
Latch-up 
protected 
to 100 mA from -1 V to 


Vcc+1 V 


• 
Embedded 
Erase 
Electrical 
Bulk Chip-Erase 


- 
1.5 seconds typical chip-erase 
including 


pre-programming 


• 
Embedded 
Program 


- 
1411Stypical byte-program 
including time-out 


- 
0.5 second typical chip program 


• 
Command 
register 
architecture 
for 


mlcroprocessor/microcontroller 
compatible 


write 
Interface 


• 
On-chip 
address 
and data latches 


• 
Advanced 
CMOS flash 
memory 
technology 


- 
Low cost single transistor 
memory 
cell 


• 
Embedded 
algorithms 
for completely 


self-timed 
write/erase 
operations 


GENERAL DESCRIPTION 


The Am28F256A 
is a 256K Flash memory organized 
as 
32K bytes of 8 bits each. AMD's 
Flash memories 
offer 


the most cost-effective 
and reliable read/write non- vola- 


tile random access memory. 
The Am28F256A 
is pack- 
aged in 32-pin 
PDIP, PLCC, and TSOP versions. 
The 
device is also offered in the ceramic LCC package. 
It is 
designed 
to be reprogrammed 
and erased in-system or 


in standard 
EPROM programmers. 
The Am28F256A 
is 
erased when shipped from the factory 


The standard 
Am28F256A 
offers access times as fast 


as 70 ns, allowing operation of high-speed 
microproces- 
sors without 
wait states. 
To eliminate 
bus contention, 


the Am28F256A 
has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD's 
Flash memories 
augment 
EPROM functionality 
with in-circuit 
electrical 
erasure 
and programming. 
The 
Am28F256A 
uses a command 
register to manage this 


functionality, 
while 
maintaining 
a 
standard 
JEDEC 


Flash Standard 32-pin pinout. The command 
register al- 


lows for 100% TTL level control inputs and fixed power 
supply levels during erase and programming. 


AMD's 
Flash technology 
reliably 
stores 
memory 
con- 


tents even after 100,000 erase and program cycles. The 
AMD 
cell 
is 
designed 
to 
optimize 
the 
erase 
and 


programming 
mechanisms. 
In addition, the combination 
of advanced 
tunnel oxide processing 
and low internal 
electric 
fields for erase 
and programming 
operations 


produces 
reliable 
cycling. 
The 
Am28F256A 
uses 
a 


12.0 V ± 5% Vpp supply to perform 
the erase and pro- 


gramming 
functions. 


The highest degree 
of latch-up 
protection 
is achieved 


with AMD's proprietary 
non-epi process. 
Latch-up 
pro- 


tection is provided 
for stresses 
up to 100 milliamps 
on 


address and data pins from -1 V to Vcc +1 V. 


Embedded 
Program 


The 
Am28F256A 
is 
byte 
programmable 
using 
the 


Embedded 
Programming 
algorithm. 
The 
Embedded 


Programming 
algorithm 
does not require the system to 


time-out 
or verify 
the data 
programmed. 
The typical 


room 
temperature 
programming 
time 
of 
the 


Am28F256A 
is one half second. 


GENERAL DESCRIPTION 


Embedded 
Erase 


The 
entire 
chip 
is bulk 
erased 
using 
the 
Embedded 


Erase algorithm. 
The Embedded 
Erase algorithm 
auto- 


matically 
programs 
the entire 
array 
prior to electrical 


era~e. The timing and verification 
of electrical erase are 


controlled 
internal to the device. Typical erasure at room 


temperature 
is accomplished 
in one second. 


AMD's Am28F256A 
is entirely pin and software compat- 


ible 
with 
AMD's 
Am28F020A, 
Am28F010A 
and 


Am28F512A 
Flash memories. 


Embedded 
Programming 
Algorithm 
vs. 


Flashrlte 
Programming 
Algorithm 


The Flashrite 
Programming 
algorithm 
requires the user 


to write a program 
set-up command, 
a program 
com- 


mand (program data and address), and a program verify 
command 
followed 
by a read and compare 
operation. 


The user 
is required 
to time the programming 
pulse 


widt~ in order to issue the program verify command. 
An 


integrated 
stop timer prevents 
any possibility 
of over- 


programming. 
Upon completion 
of this sequence 
the 


data is read back from the device and compared 
by the 


user with the data intended to be written; if there is not a 
match, the sequence 
is repeated until there is a match or 


the sequence 
has been repeated 
25 times. 


AMD's Embedded 
Programming 
algorithm 
requires the 


userto only write a program set-up command 
and a pro- 


gram command 
(program 
data and address). 
The de- 


vice automatically 
times the programming 
pulse width, 


provides 
the program 
verify and counts the number of 


sequences. 
A status 
bit, Data Polling, 
provides 
feed- 


back to the user as to the status of the programming 
op- 


eration. 


Embedded 
Erase Algorithm 
vs. Flasherase 
Erase 


Algorithm 


The li'lasherase 
Erase algorithm 
requires the device to 


be completely 
programmed 
prior to executing 
an erase 


command. 
To invoke the erase operation the userwrites 


an erase set-up command, 
an erase command, 
and an 


erase verify command. 
The user is required to time the 


erase 
pulse width 
in order 
to issue 
the erase 
verify 


command. 
An integrated 
stop timer prevents any possi- 


bility of overerasure. 
Upon completion 
of this sequence 


the data is read back from the device and compared 
by 


the user with erased data. If there is not a match, the 
sequence 
is repeated 
until 
there 
is a match 
or the 


sequence 
has been repeated 
1,000 times. 


AMD's Embedded 
Erase algorithm 
requires the user to 


only write an erase set-up command 
and erase com- 


mand. The device 
will automatically 
pre-program 
and 


verify the entire array. 
Then the device 
automatically 


times the erase pulse width, provides 
the erase verify 


and counts the number of sequences. 
A status bit, Data 


Polling, provides feedback to the user as to the status of 
the erase operation. 


Commands 
are written to the command 
register 
using 


standard 
microprocessor 
write timings. 
Register 
con- 


tents serve as inputs to an internal state-machine 
which 


controls 
the erase 
and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 


operations. 
For 
system 
design 
simplification, 
the 


Am28F256A 
is designed 
to support 
either WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 


of WE or CE whichever 
occurs first. To simplify the fol- 


lowing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F256A 
electrically 
erases 
all bits simultaneously 


using Fowler-Nordheim 
tunneling. 
The bytes are pro- 


grammed one byte at a time using the EPROM program- 
ming mechanism 
of hot electron 
injection. 


Vcc 
- 


Vss 
- 


Vpp 


Command 
Register 
Chip 
Enable 
Output 
Enable 
Logic 


Family 
Part No.: 
Am28F256A 


Ordering 
Part No.: 


±10% 
Vcc Tolerance 
-90 
-120 
-150 
·200 


±5% 
Vcc Tolerance 
-75 
-95 


Max Access 
Time 
(ns) 
70 
90 
120 
150 
20 


CE (E) Access 
(ns) 
70 
90 
120 
150 
200 


OE (G) Access 
(ns) 
35 
35 
50 
55 
55 


Vpp 
Vcc 


NC 
WE(W) 


NC 
NC 


A12 
A14 
A7 
A13 


A6 
A8 


AS 
A9 


A4 
A11 
A3 
OE(G) 
A2 
A10 


A1 
CE(E) 


AO 
D07 


DOO 
D06 


D01 
DOS 


D02 
D04 


Vss 
D03 


18879A-2 


Note: 
Pin 1is marked 
for orientation. 


'Als6 
available 
in Lee. 


A7 


A6 


AS 


A4 


A3 


A2 


A1 


AO 


DOO 


PLCC· 


I[ 


N 
() 
() 
R: 81~ () 
:;: z z » 
z 


4 
3 
1 32 31 30 
• 
A14 
5 
29 
6 
28 
A13 


7 
27 
A8 


8 
26 
A9 


9 
25 
A11 
10 
24 
OE(G) 
11 
23 
A10 
12 
22 
CE (E) 


13 
21 
D07 


14 15 16 17 18 19 20 


~N 
Ul l') ~ 
III 
CD 
00 ;;0000 
00 
0000 


18879A-3 


~AMD 


TSOP PACKAGES 


All 
1 0 
32 
OE 
A9 
2 
31 
Al0 
A8 
3 
30 
CE 
A13 
4 
29 
07 
A14 
5 
28 
06 
NC 
6 
27 
05 
WE 
7 
26 
04 


Vet; 
8 
25 
03 
Vpp 
9 
24 
Vss 
NC 
10 
23 
02 
NC 
11 
22 
01 
A12 
12 
21 
DO 
A7 
13 
20 
AO 
A6 
14 
19 
A1 
A5 
15 
18 
A2 
A4 
16 
17 
A3 


28F256A 
Standard 
Pinout 


OE 
1 'V 
32 
A11 
A10 
2 
31 
A9 
CE 
3 
30 
A8 
07 
4 
29 
A13 
06 
5 
28 
A14 
05 
6 
27 
NC 
04 
7 
26 
WE 
03 
8 
25 
Vcc 
Vss 
9 
24 
Vpp 
02 
10 
23 
NC 
01 
11 
22 
NC 
DO 
12 
21 
A12 
AO 
13 
20 
A7 
Al 
14 
19 
A6 
A2 
15 
18 
A5 
A3 
16 
17 
A4 


28F256A 
Reverse 
Pinout 
18879A-4 


28F256A 32K x 8 Flash Memory 
In 32·Lead 
TSOP 


LOGIC SYMBOL 


15 
AO-A14 


DOO-DOl 


----. 
CE(E) 
----. 
OE (0) 
----. 
WE(W) 


ORDERING INFORMATION 


Standard Products 


AMD standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The ordering 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 
Blank 
= 
Standard 
Processing 


B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C = Commercial 
(O°C to +70°C) 


I 
Industrial 
(-40°C 
to +85°C) 


E = Extended 
(-55°C 
to +125°C) 


PACKAGE 
TYPE 
P = 32-Pin 
Plastic 
DIP (PD 032) 


J 
= 32-Pin 
Rectangular 
Plastic 
leaded 


Chip Carrier 
(Pl 
032) . 


E 
32-Pin 
TSOP 
Standard 
Pinout 
(TS 032) 


F 
32-Pin 
TSOP 
Reverse 
Pinout 
(TSR 032) 


l 
32-Pin 
Rectangular 
leadless 
Chip 


Carrier 
(ClR 
032) 


SPEED 
See Product 
Selector 
Guide 
and 


Valid 
Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F256A 
256 Kilobit 
(32K x 8-Bit) CMOS 
Flash 
Memory 
with Embedded 
Algorithms 


Valid 
Combinations 


Am28F256A-75 
PC.JC, 
EC, 


Am28F256A-90 
FC, lC 


Am28F256A-95 


Am28F256A-120 
PC, PI, JC, JI, PE, 


Am28F256A-150 
PEB, JE, JEB. 
EC, 


Am28F256A-200 
FC, EI, FI, EE, FE, 


EEB, 
FEB, DI, lC, 


U, lE, 
lEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 


be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 


released 
combinations. 


PIN DESCRIPTION 
AD-A14 
Address 
Inputs for memory 
locations. 
Internal 
latches 


hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active low input activates 
the chip's 


control 
logic and input buffers. 
Chip 
Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DOD-D07 
Data Inputs during memory write cycles. Inlernallatches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 
nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 


Power supply for erase and programming. 
Vpp must be 


at high voltage in order to write to the command 
register. 


The command 
register controls all functions 
required to 


alter the memory array contents. 
Memory contents can- 


not be altered when Vpp ~ Vcc +2 V. 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 


function of the command 
register to the memory 
array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


BASIC PRINCIPLES 


Thd Am28F256A 
uses 100% TTL-Ievel control inputs to 


manage the command 
register. 
Erase and reprogram- 


ming operations 
use a fixed 12.0 V ± 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F256A 
functions 
as 


a read 
only 
memory 
and 
operates 
like 
a standard 


EPROM. 
The 
control 
inputs 
still 
manage 
traditional 


read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 


age is applied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 


addition, 
two-cycle 
commands 
are required 
for erase 


and reprogramming 
operations. 
The traditional 
read, 
standby, 
output 
disable, 
and Auto 
select 
modes 
are 


available 
via the register. 


The Am28F256A's 
command 
register 
is written 
using 


standard 
microprocessor 
write 
timings. 
The 
register 


controls 
an internal state machine that manages all de- 
vice operations. 
For system 
design 
simplification, 
the 


Am28F256A 
is designed 
to support 
either WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 
dresses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 


of WE or CE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


Ov~rView of Erase/Program Operations 


Embedded 
Erase 
Algorithm 
, 


AMD now makes erasure extremely 
simple and reliable. 


The 
Embedded 
Erase 
algorithm 
requires 
the user to 


only write 
an erase set-up command 
and erase com- 


mand. The device 
will automatically 
pre-program 
and 


verify the entire array. The device 
automatically 
times 


the erase 
pulse width, 
provides 
the erase verify 
and 


counts 
the number 
of sequences. 
A status 
bit, Data 


Polling, provides feedback 
to the user as to the status of 


the erase operation. 


Embedded 
Programming 
Algorithm 


AMD now makes programming 
extremely 
simple 
and 


reliable. 
The 
Embedded 
Programming 
algorithm 


requires 
the 
user 
to 
only 
write 
a program 
set-up 


command 
and a program 
command. 
The device auto- 


matically 
times the programming 
pulse width, provides 


the 
program 
verify 
and 
counts 
the 
number 
of 
se- 
quences. 
A status bit, Data Polling, provides 
feedback 


to the user as to the status of the programming 
opera- 


tion. 


Data Protection 


The Am28F256A 
is designed 
to offer protection 
against 


accidental erasure or programming, 
caused by spurious 


system level signals that may exist during power transi- 
tions. The Am28F256A 
powers up in its read only state. 


Also, with its control 
register 
arChitecture, 
alteration 
of 


the memory contents only occurs after successful 
com- 


pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 


prevent 
inadvertent 
write 
cycles 
resulting 
from 
Vcc 


power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 


than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all intemal 
program/erase 
cir- 


cuits 
are disabled. 
The device 
will reset to the 
read 


mode. 
Subsequent 
writes will be ignored until the Vcc 


level is greater than VLKO. It is the users responsibility 
to 


ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" 
Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = VIH or WE = VIH. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = VIL and OE = V IH 
will not accept commands 
on the rising edge of WE. The 


internal state machine is automatically 
reset to the read 


mode on power-up. 


FUNCTIONAL DESCRIPTION 


Description of User Modes 


Operation 


Vpp 
CE (E) 
OE(G) 
WE(W) 
(Note 
1) 
AO 
A9 
I/O 


Read 
VIL 
VIL 
X 
VPPL 
AD 
A9 
DOUT 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output 
Disable 
VIL 
VIH 
VIH 
VPPL 
X 
X 
HIGHZ 
Read-Only 
Auto-select 
Manufacturer 
VIL 
VIL 
VIH 
VPPL 
VIL 
VID 
CODE 
Code 
(Note 2) 
(Note 3) 
(01H) 


Auto-select 
Device 
Code 
VIL 
VIL 
VIH 
VPPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(2FH) 


Read 
VIL 
VIL 
VIH 
VpPH 
AO 
A9 
DOUT 
(Note 4) 


Standby 
(Note 5) 
VIH 
X 
X 
VPPH 
X 
X 
HIGHZ 
ReadIWrite 
Output 
Disable 
VIL 
VIH 
VIH 
VPPH 
X 
X 
HIGHZ 


Write 
VIL 
VIH 
VIL 
VPPH 
AO 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
VILor VIH levels, 
VPPL= Vpp 5{ Vee + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH, 0 V < An < Vee + 2 V, (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or 5{ Vee +2.0 
V. VPPHis the programming 
voltage 
specified 


for the device. 
Refer to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 
11.55{Vlo5{13.0V 


4. 
Read 
operation 
with Vpp = VPPH may access 
array data or the Auto select 
codes. 


5. 
With Vpp at high voltage, 
the standby 
current 
is Ice + Ipp (standby). 


6. 
Refer to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
VIL or VIH levels. 
In the Auto select 
mode 
all 


addresses 
except 
A9 and AO must be held at VIL. 


READ ONLY MODE 


Vpp < Vcc + 2 V 
Command Register Inactive 


Read 


The Am28F256A 
functions as a read only memory when 


Vpp < Vcc + 2 V. The Am28F256A 
has two control func- 
tions. Both must be satisfied 
in order to output data. CE 


controls power to the device. This pin should be used for 
specific 
device 
selection. 
OE controls 
the device 
out- 


puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time IAcc is equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 


cess time tCE is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to Jalid data at the output pins (assuming the addresses 
have been stable at least tACC- tOE). 


St,ndby 
Mode 


The Am28F256A 
has two standby 
modes. The CMOS 


stapdby mode (CE input held at Vcc ± 0.5 V), consumes 
less than 100 ~ 
of current. TTL standby 
mode (CE is 


held at VIH) reduces 
the current 
requirements 
to less 


than 1 mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 
ming, orprogramlerase 
verification, 
the device will draw 


active current until the operation 
is terminated. 


Output 
Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 


pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify 
its manufacturer 


and type. This mode is intendedforthe 
purpose of auto- 


matically matching the device to be programmed 
with its 


corresponding 
programming 
algorithm. 
This 
mode 
is 


functional 
over 
the 
entire 
temperature 
range 
of the 


device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VIO (11.5 V to 13.0 V) on address 
A9. Two 
identifier bytes may then be sequenced 
from the device 


outputs by toggling address AD from VILto VIH. All other 


address lines must be held at VIL, and Vpp must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AD = VIL) represents 
the manufacturer 
code and byte 1 (AD = VIH)the device identifier code. For 
the Am28F256A 
these two bytes are given in the table 


below. All identifiers for manufacturer 
and device codes 


will exhibit odd parity with the MSB (007) defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and 
READ 
MODE 
section 
for program- 


ming the Flash memory device in-system). 


Code 


Type 
AO 
(HEX) 
007 
006 
OOS 
004 
003 
002 
001 
000 


Manufacturer 
Code 
VIL 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device 
Code 
VIH 
2F 
0 
0 
1 
0 
1 
1 
1 
1 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command 
Register 
Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 


activate the command 
register. Data written to the regis- 


ter serves as input to the internal 
state machine. 
The 


output of the state machine determines 
the operational 


function of the device. 


The command 
register does not occupy an addressable 


memory 
location. The register 
is a latch that stores the 


command, 
along with the address and data information 


needed to execute the command. 
The register is written 


by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 


dresses 
are latched 
on the falling 
edge of WE, while 


data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings 
are used. 


The device requires the OE pin to be VIH for write opera- 
tions. This condition 
eliminates 
the possibility 
for bus 


contention 
during programming 
operations. 
In order to 


write, OE must be VIH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 


not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 


(Read Mode) in the absence 
of high voltage 
applied to 


the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 


cific data codes 
into the command 
register. 
Table 
3 


defines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when 
Vpp is high. To read from the device, write 


OOHinto the command 
register. Standard 
microproces- 


sor read cycles 
access 
data from 
the 
memory. 
The 


device will remain in the read mode until the command 
register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 


upon Vpp power-up. 
The OOH(Read Mode) register de- 


fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 


memory contents 
does not occur during the Vpp power 


transition. 
Refer to the AC Read Characteristics 
and 


Waveforms 
for the specific timing parameters. 


First 
Bus Cycle 
Second 
Bus 
C cle 


Operation 
Address 
Data 
Operation 
Address 
Data 
Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read Memory 
(Note 4) 
Write 
X 
OOH/FFH 
Read 
RA 
RO 


Read Auto select 
Write 
X 
SOH or 90H 
Read 
OOH/Ot 
H 
01H12FH 


Embedded 
Erase 
Set-upl 
Write 
X 
30H 
Write 
X 
30H 
Embedded 
Erase 
. 


Embedded 
Program 
Set-upl 
Write 
X 
10H or 50H 
Write 
PA 
PO 
Embedded 
Program 


Reset 
(Note 4) 
Write 
X 
FFH 
Write 
X 
FFH 


Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 


PA = Address 
of the memory 
location 
to be programmed. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 
X = Don't 
care. 


3. 
RD = Data read from location 
RA during 
read operation. 


PO = Data 
to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


4. 
Please 
reference 
Reset 
Command 
section. 


FLA~H MEMORY PROGRAM/ERASE 
OPBRATIONS 


AMD's Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic 
chip erase does not require the device to 


be entirely pre-programmed 
prior to executing 
the Em- 


bedded 
set-up erase command 
and Embedded 
erase 


command. 
Upon executing 
the Embedded 
erase com- 
mand the device 
automatically 
will program 
and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically 
verified to contain an 


all zero pattern, a self-timed 
chip erase and verify begin. 
The erase and verify operation 
are complete 
when the 


data on DO? is "1" (see Write Operation 
Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded 
Erase algorithm, 
the erase 


automatically 
terminates 
when adequate 
erase margin 


has been achieved for the memory array (no erase ver- 
ify command 
is required). The margin voltages are inter- 


nally 
generated 
in the 
same 
manner 
as when 
the 


standard 
erase verify command 
is used. 


The Embedded 
Erase Set-Up command 
is a command 


only operation that stages the device for automatic 
elec- 


trical erasure of all bytes in the array. Embedded 
Erase 


Set-Up 
is performed 
by writing 
30H to the command 


register. 


To commence 
automatic 
chip erase, the command 
30H 


must be written 
again to the command 
register. 
The 


automatic erase begins on the rising edge of the WE and 
terminates 
when the data on DO? is "1" (see Write Op- 


eration Status section) at which time the device retums 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded 
Erase al- 


gorithm, 
a typical command 
string and bus operation. 


Bus 
Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp to VPPH (1) 


Write 
Embedded 
Erase 
Data = 30H 
Set-Up 
Command 


Write 
Embedded 
Erase 
Data = 30H 
Command 


Read 
Data Polling 
to Verify 
Erasure 


Standby 
Compare 
Output 
to FFH 


Read 
Available 
for Read Operations 


Note: 


1. 
See DC Characteristics 
for value of VPPL. The Vpppower 
supply 
can be hard-wired 
to the device 
or switchable. 
When Vpp is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. Refer 
to Functional 
Description. 


Embedded Programming Algorithm 


The Embedded 
Program Set-Up is a command 
only op- 


eration that stages the device 
for automatic 
program- 


ming. 
Embedded 
Program 
Set-Up 
is performed 
by 
writing 
10H or 50H to the command 
register. 


Once the Embedded 
Set-Up Program operation 
is per- 


formed, the next WE pulse causes a transition 
to an ac- 


tive programming 
operation. 
Addresses 
are latched on 


the falling edge of CE or WE pulse, whichever 
happens 


later. Data is latched on the rising edge of WE or CE, 
whichever 
happens 
first. The rising edge of WE also 


begins the programming 
operation. 
The system 
is not 


required to provide further controls 
or timings. 
The de- 


vice will automatically 
provide 
an adequate 
intemally 


generated 
program 
pulse and verify margin. The auto- 


matic programming 
operation 
is completed 
when the 


data on DO? is equivalent 
to data written to this bit (see 


Write Operation 
Status section) at which time the device 


returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded 
Program 


algorithm, 
a typical command 
string, and bus operation. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp to VPPH(1) 


WritJ 
Embedded Program 
Data = 1OH or SOH 
Set-Up Command 


Write 
Embedded Program 
Valid Address/Data 


I 
Command 


Read 
Data Polling to Verify Completion 


Read 
Available for Read Operations 


~ot;je 
DC Characteristics 
for value of VPPH. The Vpppower 
supply 
can be hard-wired 
to the device 
or switchable. 
When 
Vpp is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, 
or less than Vcc + 2.0 V. Refer to Functional 
Descrip- 
tior. 
Device 
is either powered-down, 
erase 
inhibit 
or program 
inhibit. 


Write Operation Status 
__ 
I 


Data Polllng-DQ7 


The Am28F256A 
features 
Data Polling as a method to 


indicate 
to the host system 
that the Embedded 
algo- 


rithms are either in progress 
or completed. 


Whil~ the Embedded 
Programming 
algorithm 
is in op- 


eratio1n, an attempt to read the device at a valid address 
will produce the complement 
of expected 
Valid data on 


D07. Upon completion 
of the Embedded 
Program algo- 


rithm an attempt to read the device at a valid address will 
produce Valid data on D07. The Data Polling feature is 
valid after the rising edge of the second WE pulse of the 
two Write pulse sequence. 


While the Embedded 
Erase algorithm 
is in operation, 


D07 will read "0" until the erase operation 
is completed. 


Upon completion 
of the erase operation, 
the data on 


007 
will read "1." The Data Polling feature is valid after 


the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming 
or erase algorithms. 


See Figures 7a and 8a for the Data Polling timing speci- 
fications 
and diagrams. 
Data Polling 
is the 
standard 


method to check the write operation 
status, however, an 


alternative 
method is available 
using Toggle Bit. 


1- 


Read Byte 
(000-007) 


Addr=VA 


VA = Byte address for programming 


= XXXXH during chip erase 


Read Byte 
(000-007) 


Addr=VA 


Note: 


1. 
007 
is rechecked 
even if 005="1" 
because 
007 
may change simultaneously 
with DOS or after 005. 


Toggle 
Bit-DOG 


The 
Am28F256A 
also 
features 
a "Toggle 
Bit" as a 
method to indicate to the host system that the Embed- 
ded algorithms 
are either in progress 
or completed. 


Successive 
attempts 
to read data from the device at a 
valid address, 
while the Embedded 
Program algorithm 
is in progress, 
or at any address while the Embedded 
Erase algorithm 
is in progress, 
will result in D06 
tog- 
gling between 
one and zero. Once the Embedded 
Pro- 
gram or Erase algorithm 
is completed, 
D06 
will stop 


toggling to indicate the completion 
of either Embedded 
operation. 
Only on the next read cycle will valid data be 
obtained. 
The toggle bit is valid after the rising edge of 
the first WE pulse of the two write pulse sequence, 
un- 
like Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the user to deter- 
mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 


Read 
Byte 
(000-007) 
Addr=VA 


Read 
Byte 
(000-007) 
Addr=VA 


VA 
= Byte address 
for programming 
= XXXXH 
during 
chip erase 


Note: 


1. 
D06 
is rechecked 
even if 005="1" 
because 
006 may stop toggling 
at the same 
time as DOS changing 
to "1". 


Note: 


'007= 
Valid Data (The device 
has completed 
the Embedded 
operation). 


DOS 
ExcQeded 
Timing 
Limits 


DOS will indicate 
if the program 
or erase time has ex- 


ceedred the specified 
limits. This is a failure 
condition 


and the device 
may not be used again (internal 
pulse 


count exceeded). 
Under these conditions 
DOS will pro- 


duce 
a "1." 
The 
program 
or 
erase 
cycle 
was 
not 


successfully 
completed. 
Data Polling is the only operat- 


ing function of the device under this condition. 
The CE 


circuit will partially power down the device under these 
conditions 
(to approximately 
2 mAl. 
The OE and WE 


pins 
will 
control 
the 
output 
disable 
functions 
as 


described 
in Table 1. 


CEr\ ------------------------------- 


Note! 
'OQj stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 


Figure 
8b. AC Waveforms 
for Toggle 
Bit During 
Embedded 
Algorithm 
Operations 


Parallel 
Device 
Erasure 


The Embedded 
Erase algorithm greatly simplifies paral- 


lel dE1viceerasure. Since the erase process is internal to 
the gevice, 
a single 
erase command 
can be given to 


multiple devices concurrently. 
By implementing 
a paral- 


lel errse 
algorithm, 
total erase time may be minimized. 


Note that the Flash memories 
may erase at different 


rates. If this is the case, when a device 
is completely 


eras~d, use a masking code to prevent further erasure 
(over-erasure). 
The other devices will continue to erase 
until verified. 
The masking 
code applied 
could be the 


read command 
(OOH). 


Powfr-up 
Sequence 


The Am28F2S6A 
powers-up 
in the Read only mode. 
Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memory 
de- 


vice ~othe Read mode. In addition, 
it also provides the 


user r'lth 
a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset must be written two consecutive 
times after 


the Set-up Program 
command 
(10H or SOH). This will 
reset the device to the Read mode. 


Following 
any other 
Flash command, 
write the Reset 


command 
once to the device. This will safely abort any 


previous operation 
and initialize the device to the Read 


mode. 


The Set-up Program command 
(10H or SOH) is the only 


command 
that 
requires 
a two-sequence 
reset cycle. 


The first 
Reset 
command 
is interpreted 
as program 


data. However, 
FFH data is considered 
as null data dur- 


ing programming 
operations 
(memory cells are only pro- 


grammed 
from a logical "1" to "0"). The second 
Reset 


command 
safely aborts the programming 
operation 
and 


resets the device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 


prove easier to always 
issue the Reset command 
two 
consecutive 
times. This eliminates 
the need to deter- 


mine if you are in the Set-up Program 
state or not. 


L 


it1 AMD 


In-System 
Programming 
Considerations 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the circuit board. 


Auto Select Command 


AMD's Flash memories 
are designed for use in applica- 


tions where the local CPU alters memory contents. 
In or- 
derto correctly program any Flash memories in-system, 
manufacturer 
and 
device 
codes 
must 
be accessible 


while the device 
resides 
in the target 
system. 
PROM 


programmers 
typically 
access the signature 
codes by 


raising A9 to a high voltage. However, 
multiplexing 
high 


voltage 
onto address 
lines is not a generally 
desired 


system design practice. 


The Am28F256A 
contains 
an Auto Select operation 
to 


supplement 
traditional 
PROM programming 
method?IO- 


gies. The operation 
is initiated by writing 80H or90H 
Into 


the command 
register. 
Following this command, 
a read 


cycle address OOOOHretrieves the manufacturer 
code of 


01 H (AMD). A read cycle from address 
0001 H returns 


the device code 2FH (see Table 2). To terminate 
the op- 


eration, it is necessary 
to write another valid command, 


such as Reset (FFH), into the register. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to + 150°C 
Plastic Packages 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp 
(Note 1) 
-2.0 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to + 14.0 V 


Vpp (Note 2) . . . . . . . . . . . . . . . . .. 
-2.0 
V to + 14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or 110pins is -{).5 V. During 


voltage 
transitions, 
inputs may overshoot 
Vss to -2. 0 V for 
periods 
of up to 20 ns. Maximum 
DC voltage on output and 


VO pins is Vcc + 0.5 V. During 
voltage 
transitions, 
outputs 


may overshoot 
to Vcc + 2.0 
V for periods 
up to 20 ns. 


2. 
Minimum 
DC input 
voltage 
on A9 and 
Vpppins is -0.5 V. 


During 
voltage 
transitions, 
A9 and Vpp may overshoot 
Vss 
to -2.0 V for periods 
of up to 20 ns. Maximum 
DC input 


voltage 
on A9 and Vpp is + 13.5 V which may overshoot 
to 


14.0 V for periods 
up to 20 ns. 


3. 
No more than one output 
shorted 
at a time. Duration 
of the 


short circuit 
should 
not be greater 
than one second 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings' 
may cause 
permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; functional 
operation 
of the device 
at these 


or any other 
conditions 
above 
those 
indicated 
in the opera- 


tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 
tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Vcc Supply 
Voltages 
Vec for Am28F256A-X5 
+4.75 V to +5.25 V 


Vee for Am28F256A-XXO 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program, 
Erase, and Verify 
+11.4 V to + 12.6 V 


Operating 
ranges 
define 
those 
limits 
between 
which 
the fun- 


tionality 
of the device is guaranteed. 


~ 
AMD 


MAXIMUM OVERSHOOT 
Maximum Negative Jnput Overshoot 


+0.8 V 


-{).5 V 


20 ns 
20 ns 
~~rL1<xxxxx 


-2.0 V ~ 
••,. __ 
•••~ 
I 


Vcc + 0.5 V 


2.0 V 


20 ns 


~" 
"[jxxm 


20 ns 


xxXXX€1""[jxxm 


DC CHARACTERISTICS 
over operating 
range unless otherwise 
specified 
(Notes 1-4) 


DC CHARACTERISTICS-TTUNMOS 
COMPATIBLE 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
IIA 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
IIA 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
current 
Vcc= 
Vcc Max 
0.2 
1.0 
mA 


CE = VIH 


ICCI 
Vcc Active 
Read Current 
Vcc = Vcc Max, CE = VIL,OE 
= VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


1cC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
±1.0 
IIA 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 


Vpp = VPPL 
±1.0 
lLA 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


v,L 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
V 
+0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOHl 
Output 
High Voltage 
IOH= -2.5 mA 
2.4 
V 


Vcc= 
Vcc Min 


V,O 
A9 Auto Select 
Voltage 
A9= 
VIO 
11.5 
13.0 
V 


110 
A9 Auto Select 
Current 
A9= 
VIO Max 
5 
50 
IIA 


Vcc = Vcc Max 


VP1L 
VPP during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
VPP during 
Read/Write 
11.4 
12.6 
V 


Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F256A 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
Ice) is tested 
with OE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Ice and Ipp. 


4. 
Not 
100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vee = Vee Max. 
± 1.0 
J.LA 


VIN = Vee or Vss 


ILO 
Output 
Leakage 
Current 
Vee = Vee Max. 
± 1.0 
J.LA 


VOUT = Vee or Vss 


Ices 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
15 
100 
J.LA 


CE = Vec + 0.5 V 


Ice, 
Vcc Active 
Read Current 
Vcc = Vcc Max. CE = VIL, OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


Ice2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


lee3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
± 1.0 
J.LA 


IpP1 
Vpp Read Current 
Vpp = VPPH 
70 
200 
J.LA 


IpP2 
Vpp Programming 
Current. 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase 
Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vee 
Vee 
V 
+0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vec= 
Vec Min 


VOH, 
IOH= -2.5 mA, Vee = Vee Min 
0.85 


Output 
High Voltage 
Vee 


VOH2 
IOH= -100 j.lA, Vee = Vee Min 
Vee 


V 


-0.4 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
J.LA 


Vee= 
Vee Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vec 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
ReadIWrite 
11.4 
12.6 
V 


Operations 


VLKO 
Low Vec Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F256A 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
leel 
is tested 
with OE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage is the sum of Ice and Ipp. 


4. 
Not 
100% tested. 


20 


Ice Active 
15 
in fnA 
--- 


55°C 
-0-- 
O°C 
10 
-+--- 
25°C 
-<>- 
70°C 
-....- 
125°C 


5 


Figure 9. Am28F256A 
- Average 
lee Active vs. Frequency 
Vec = 5.5 V, Addressing 
Pattern = Minmax 


Data Pattern = Checkerboard 


L 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 100% tested. 


2. 
Test conditions 
TA = 25°C, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read 
Only Operation (Notes 1-4) 


Parameter 
Am28F256A 


Symbols 


- 
-90 
-120 
-150 
·200 
·250 
JEDEC 
Standard 
Parameter 
Description 
-75 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read Cycle 
Time 
Min 
70 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tElQV 
tCE 
Chip Enable 
Min 
Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tAVOV 
tACC 
Address 
Min 


Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
os 


tGlQV 
tOE 
Output 
Enable 
Min 


Access 
Time 
Max 
35 
35 
50 
55 
55 
55 
ns 


tElQX 
tll 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tEHQl 
tDF 
Chip Disable 
to 
Min 


Output 
in High Z (Note 3) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tGlQX 
tOll 
Output 
Enable 
to 
Min 
0 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHQl 
tDF 
Output 
Disable 
to 
Min 
Output 
in High Z (Note 4) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tAXQX 
tOH 
Output 
Hold from first of 
Min 
0 
0 
0 
0 
0 
0 
ns 
Address, 
CE, or OE Change 
Max 
(Note 4) 


tWHGl 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
6 
J.ls 
Time 
before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
J.ls 
Valid Read 
(Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and CL = 100 pF 


Input Rise and Fall Times:::; 
10 ns 
Input Pulse 
levels: 
0.45 
V to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F256A-75 
and Am28F256A-95 
Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times:::; 
10 ns 


Input Pulse levels: 
0 V to 3 V 
Timing Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 


3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F256A 
Symbols 
- 
-90 
-120 
-150 
·200 
·250 


JEDEC 
Standard 
Parameter 
Description 
·75 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twe 
Write Cycle 
Time 
Min 
70 
90 
120 
150 
200 
250 
ns 


(Note 6) 
Max 


lAVWL 
lAs 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
0 
ns 
Max 


lwLAX 
lAH 
Address 
Hold Time 
Min 
45 
45 
50 
60 
75 
75 
ns 
Max 


tOVWH 
tos 
Data Set-Up 
Time 
Min 
45 
45 
50 
50 
50 
50 
ns 
I 
Max 


tWHox 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 
only (See Figure 
8) 


tGHWL 
Read 
Recovery 
Time 
Min 
0 
0 
0 
0 
0 
0 
~s 


before 
Write 
Max 


tELlvLE 
tesE 
Chip Enable 
Embedded 
Min 
20 
20 
20 
20 
20 
20 
ns 


Algorithm 
Setup 
Time 
Max 


tWHEH 
teH 
Chip Enable 
Min 
0 
0 
0 
0 
0 
0 
ns 


Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
45 
50 
60 
60 
60 
ns 


Max 


tWHWL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
20 
ns 


Width 
HIGH 
Max 


tWHWH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
14 
~s 


Operation 
(Note 4) 
Max 


tWHWH4 
Embedded 
Erase 
Typ 
3 
5 
5 
5 
5 
5 
s 


Operation 
(Note 5) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
100 
ns 


Chip Enable 
LOW (Note 6) 
Max 


tves 
Vec Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
~s 


Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VPPL (Note 6) 
Max 


tLKO 
Vce < VLKO 
Min 
100 
100 
100 
100 
100 
100 
ns 


to Reset 
(Note 6) 
Max 


Notes: 


1. 
Fjead timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 


Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F256A-75 
and Am28F256A-95. 
Input Rise and Fall times: 5 10 ns; Input Pulse 
Levels: 
0.45 
V t 
02.4 
V. Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F256A-75 
and Am28F256A-95. 
Input Rise and Fall times: 510 
ns; Input Pulse 
Levels: 
0.0 Vto 
3.0 V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 14J1Sconsists 
of 10 J1sprogram 
pulse 
and 4 J1s write recovery 
before 
read. 
This is 
the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Bmbedded 
erase 
operation 
of 5 see consists 
of 4 see array pre-programming 
time and one see array 
erase 
time. 
This is a 
typical 
time for one embedded 
erase operation. 


6. 
Not 
100% tested. 


Will be 
Steady 


Will be 
Changing 
from 
H to L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KSOOOO10 


Must be 
Steady 
\\\\\ 


May 
Change 
from H to L 
IIIII 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Device 
and 
Outputs 
Data 


Power-up, 
Standby 
Address 
Selection 
Enabled 
Valid 


5.0 V 
Vcc 
OV 


Figure 
10. AC Waveforms 
for Read Operations 


Am28F256A 


Embedded 
Embedded 
Erase Set-Up 
Erase 


Note: 


1. oor is the output 
of the complement 
of the data written 
to the device. 


Embedded 
Embedded 
Program 
Set-Up 
Program 


Notes: 


1. 
DIN is data input 
to the device. 


2. 
007 
is the output 
of the complement 
of the data written 
to the device. 


3. 
Dour 
is the output 
of the data 
written 
to the device. 


AC CHARACTERISTICS-Write/Erase/Program 
Operations (Notes 1- 6) 


Alternate CE Controlled Writes 


Parameter 
Am28F256A 


Symbols 
- 
-90 
-120 
-150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-75 
-95 
- 
- 
- 
- 
Un" 


tAVAV 
twc 
Write 
Cycle Time 
Min 
70 
90 
120 
150 
200 
250 
ns 
(Note 6) 
Max 


lAvEL 
lAs 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
0 
ns 


Max 


tELAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
60 
75 
75 
ns 


I 
Max 


tOVE~ 
tos 
Data Set-Up 
Time 
Min 
45 
45 
50 
50 
50 
50 
ns 


Max 


tEHDX 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 


Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 


only (See Figure 
8) 


tGHE~ 
Read 
Recovery 
Time 
Min 
a 
a 
a 
a 
a 
a 
J.ls 
Before 
Write 
Max 


tWLEJ 
tws 
WE Set-Up 
Time 
Min 
a 
a 
0 
0 
a 
a 
ns 
by CE 
Max 


tEHWK 
tWH 
WE Hold Time 
Min 
a 
a 
a 
a 
a 
0 
ns 


Max 


tELEH 
tcp 
Write 
Pulse Width 
Min 
65 
65 
70 
80 
80 
80 
ns 


Max 


tEHEL 
tCPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
20 
ns 


Width 
HIGH 
Max 


tEHEH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
14 
J.ls 
Operation 
(Note 4) 
Max 


tEHEH4 
Embedded 
Erase 
Min 
3 
3 
3 
3 
3 
3 
s 


Operation 
(Note 5) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tvcs 
Vcc 
Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
J.ls 
Chip Enable 
LOW 
(Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VpPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
500 
ns 
90% VpPL (Note 6) 
Max 


tLKO 
Vcc < VLKO 
Min 
100 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 
Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F256A-75 
and Am28F256A-95. 
Input Rise and Fall times: 
~ 10 ns; Input Pulse 
Levels: 
0.45 
V 
to 2.4 V. Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 V; Outputs: 
0.8 V and 2.0 V 


3. 
Am28F256A-75 
and Am28F256A-95. 
Input Rise and Fall times: ~ 10 ns; Input Pulse 
Levels: 
0.0 Vto 3.0 
V 


Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 1411S consists 
of 10 I1s program 
pulse 
and 411S write recovery 
before 
read. 
This is 
the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 see consists 
of 4 see array pre-programming 
time and one see array 
erase 
time. 
This is a 
typical 
time for one embedded 
erase 
operation. 


6. 
Not 100% tested. 


Embedded 
Embedded 
Program Set-Up 
Program 


Notes: 


1. 
DIN is data input to the device. 


2. 
D07 
is the output 
of the complement 
of the data written 
to the device. 


3. 
Dour 
is the output 
of the data 
written 
to the device. 


Figure 13. AC Waveforms 
for Embedded 
Programming 
Operation 
Using CE Controlled 
Writes 


Device 
Under 
Test 


Diodes 
= IN3064 
or Equivalent 


2.0 V 
2.0 V 
> Test Points< 


0.8 V 
0.8 V 


All Devices 
Except 
Am28F256A-75 
and Am28F256A-95 


AC Testing: 
Inputs are driven 
at 2.4 V for a 
logic "1" and 0.45 Vfor a logic "0". Input pulse 
rise and fall times 
are < 10 ns. 


AC Testing: 
Inputs 
are driven 
at 3.0 V for a 
logic "1" and 0 V for a logic "0". Inpu1 pulse 
rise 
and fall times 
are < 10 ns. 


Limits 


Max 


Parameter 
Min 
Typ 
(Note 
3) 
Unit 
Comments 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 


(Note 
1) 
(Note 2) 
prior to erasure 


Chip 
Programming 
Time 
0.5 
4 
s 
Excludes 
system-level 
overhead 


(Note 
1) 


Write/Erase 
Cycles 
100,000 
Cycles 


Byte Program 
Time 
14 
lJ.s 


96 
(Note 4) 
ms 


Notes: 


1. 2SoC, 12 V Vpp 


2. 
The Embedded 
algorithm 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the Embedded 
Algorithm 
internal 
counter 
which allows 
for a maximum 
6000 pulses 
for both program 
and erase operations. 
Typical 
worst case for program 
and erase 
is significantly 
less than the actual 
device 
limit. 


4. 
Typical 
worst case = 84 JiS. DOS = "I" only after a byte takes longer 
than 96 ms to program. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
I/O pins 


(Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc + 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


Parameter 
Test 
Conditions 
Mln 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


- 
Ah,28F512 


512 Kilobit (65,536 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 
• High performance 
• Latch-up 
protected 
to 100 mA 


- 
70 ns maximum 
access time 
from 
-1 V to Vcc 
+1 V 
• CMOS Low power 
consumption 
• FlasheraseElectrlcal 
Bulk Chip-Erase 


- 
30 mA maximum 
active current 
- 
One second typical chip-erase 


- 
100 J.LAmaximum 
standby current 
• Flashrlte 
Programming 


- 
No data retention 
power consumption 
- 
10 ~s typical byte-program 
• Compatible 
with JEDEC-standard 
byte-wide 
- 
One second typical chip program 
32-Pln 
EPROM pinouts 
• Command 
register 
architecture 
for 


-l32-pin 
DIP 
mlcroprocessor/microcontroller 
compatible 


- 
32-pin PLCC 
write 
interface 


- 
32-pin TSOP 
• On-chip 
address 
and data latches 


- 
32-pin LCC 
• Advanced 
CMOS flash 
memory 
technology 
• 10,000 write/erase 
cycles 
minimum 
- 
Low cost single transistor 
memory 
cell 
• Write 
and erase voltage 
12.0 V ±5"10 
• Automatic 
write/erase 
pulse 
stop 
timer 


GE~ERAL DESCRIPTION 


The Am28F512 
is a 512K bit Flash memory organized 
as 64K bytes of 8 bits each. AM D's Flash memories offer 
the most cost-effective 
and reliable readlwrite 
non- vola- 


tile random 
access 
memory. 
The Am28F512 
is pack- 
aged in 32-pin 
PDIP, PLCC, and TSOP versions. 
The 
device is also offered in the ceramic 
LCC package. 
It is 
designed to be reprogrammed 
and erased in-system or 
in standard 
EPROM 
programmers. 
The Am28F512 
is 
erased when shipped from the factory. 


The standard Am28F512 
offers access times as fast as 
70 ns, allowing 
operation 
of high-speed 
microproces- 
sors without 
wait states. 
To eliminate 
bus contention, 


the Am28F512 
has separate 
chip enable (GE) and out- 
put enable (OE) controls. 


AMD's 
Flash memories 
augment 
EPROM functionality 
with in-circuit 
electrical 
erasure and programming. 
The 
Am28F512 
uses a command 
register 
to manage 
this 
functionality, 
while 
maintaining 
a 
standard 
JEDEC 
Flash Standard 32-pin pinout. The command 
register al- 
lows for 100% TTL level control inputs and fixed power 
supply levels during erase and programming. 


AMD's 
Flash technology 
reliably 
stores 
memory 
con- 
tents even after 10,000 erase and program cycles. The 


AMD cell is designed 
to optimize 
the erase 
and pro- 
gramming 
mechanisms. 
In addition, 
the combination 
of 
advanced tunnel oxide processing 
and low internal elec- 
tric fields for erase and programming 
operations 
pro- 
duces 
reliable 
cycling. 
The 
Am28F512 
uses 
a 
12.0 V ± 5% Vpp supply to perform 
the Flasherase 
and 
Flashrite algorithms. 


The highest degree 
of latch-up 
protection 
is achieved 
with 
AMD's 
proprietary 
non-epi 
process. 
Latch-up 
protection 
is provided for stresses 
up to 100 mA on ad- 
dress and data pins from -1 V to Vcc +1 V. 


The Am28F512 
is byte programmable 
using 10 ~s pro- 
gramming 
pulses 
in accordance 
with AMD's 
Flashrite 
programming 
algorithm. 
The typical 
room temperature 
programming 
time of the Am28F512 
is one second. The 
entire chip is bulk erased using 10 ms erase pulses ac- 
cording to AM D's Flasherase 
alrogithm. 
Typical erasure 
at room temperature 
is accomplished 
in less than one 
second. The windowed 
package and the 15-20 
minutes 
required for EPROM erasure using ultra-violet 
light are 
eliminated. 


Publication# 11561 
Rev. E 
Amendment/O 


Issue Date: 
March 
1994 


~ 
AMD 


GENERAL DESCRIPTION 


Commands 
are written to the command 
register using 


standard 
microprocessor 
write timings. 
Register 
con- 


tents serve as inputs to an internal state-machine 
which 


controls 
the erase 
and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 


operations. 
For 
system 
design 
simplification, 
the 


Am28F512 
is designed to support either WE or CE con- 


trolled writes. 
During a system write cycle, addresses 


are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


CE whichever 
occurs first. To simplify the following 
dis- 


cussion, the WE pin is used as the write cycle control pin 
throughout 
the rest of this text. All setup and hold times 


are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM 
experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F512 
electrically 
erases 
all bits simultaneously 


using 
Fowler-Nordheim 
tunneling. 
The 
bytes 
are 


programmed 
one byte at a time using the EPROM pro- 


gramming 
mechanism 
of hot electron 
injection. 


Vcc - 


Vss - 


Vpp 


Command 
Register 
Chip Enable 
Output Enable 
Logic 


Family Part No.: 
Am28F512 


Ordering Part No.: 


±10% Vcc Tolerance 
-90 
-120 
-150 
-200 


+5% Vcc Tolerance 
-75 
-95 


Max Access Time (ns) 
70 
90 
120 
150 
200 


CE (E) Access (ns) 
70 
90 
120 
150 
200 


OE (G) Access (ns) 
35 
35 
50 
55 
55 


Vpp 
Vcc 


NC 
WE(W) 
A15 
NC 


A12 
A14 
A7 
A13 


A6 
A8 


AS 
A9 


A4 
All 


A3 
OE(G) 
A2 
A1D 


Al 
CE(E) 
AD 
007 


DOD 
006 


001 
005 


002 
004 


Vss 
003 


11561E-2 


Note: 
Pin 1is marked 
for orientation. 


"Also available 
in LCC. 


A7 


A6 


AS 


A4 


A3 


A2 


Al 


AD 
DOD 


[ 


N 
III 0 
& 
tllLlJ 0 
«z»3:z 


32 31 3D 


29 


28 


27 
26 


25 


24 


23 


22 


21 


A14 


A13 


A8 


A9 


All 


OE(G) 


A1D 


CE (E) 
007 


5 


6 


7 
8 


9 


lD 


11 


12 
13 


14 15 16 17 18 19 2D 


~ 
AMD 


TSOP PACKAGES 


A11 
10 
32 
OE 
A9 
2 
31 
A10 


A8 
3 
30 
CE 
A13 
4 
29 
D7 
A14 
5 
28 
D6 


NC 
6 
27 
D5 
WE 
7 
26 
D4 


Vcc 
8 
25 
D3 
Vpp 
9 
24 
Vss 
NC 
10 
23 
D2 
A15 
11 
22 
D1 
A12 
12 
21 
DO 
A7 
13 
20 
AO 
A6 
14 
19 
A1 
AS 
15 
18 
A2 
A4 
16 
17 
A3 


26F512 Standard 
Pinout 


OE 
1\7 
32 
A11 
A10 
2 
31 
A9 
CE 
3 
30 
A8 
D7 
4 
29 
A13 
D6 
5 
28 
A14 
D5 
6 
27 
NC 
D4 
7 
26 
WE 
D3 
8 
25 
Vcc 
Vss 
9 
24 
Vpp 
D2 
10 
23 
NC 
D1 
11 
22 
A15 
DO 
12 
21 
A12 
AO 
13 
20 
A7 
A1 
14 
19 
A6 
A2 
15 
18 
AS 
A3 
16 
17 
A4 


26F512 Reverse 
Pinout 
11561E-4 


26F512 64K x 6 Flash Memory 
In 32-Lead 
TSOP 


LOGIC SYMBOL 


CE (E) 


OE(G) 


WE(W) 


ORDERING INFORMATION 
Standard Products 


AMq standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


OPTIONAL 
PROCESSING 
Blank 
= 
Standard Processing 
B = 
Burn-In 


TEMPERATURE 
RANGE 
C = Commercial (OOCto +70°C) 
I 
= Industrial (-40°C to + 85°C) 
E = Extended (-55°C to + 125°C) 


PACKAGE 
TYPE 
P = 32-Pin Plastic DIP (pD 032) 
J 
= 32-Pin Rectangular Plastic Leaded 


Chip Carrier (PL 032) 
L = 32-Pin Rectangular Ceramic Leadless 


Chip Carrier (CLR 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 032) 


SPEED 
See Product Selector Guide and 
Valid Combinations 


L-.-__ 
DEVICE 
NUMBER/DESCRIPTION 
Am28F512 
512 Kilobit (64K x 8-Bit) CMOS Flash Memory 


Valid Combinations 


AM28F512-75 
PC, JC, LC, EC, FC 


AM28F512-90 


AM28F512-95 


AM28F512-120 
PC, PI, PE, PEB, 


AM28F512-150 
JC, JI, JE, JEB, 


AM28F512-200 
LC, L1,LE, LEB, 
EC, FC, EI, FI, 
EE, FE, EEB, FEB 


Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


L 


~ 
AMD 


PIN DESCRIPTION 


AD-A15 
Address 
Inputs for memory 
locations. 
Internal latches 


hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active 
low input activates 
the chip's 


control 
logic and input buffers. 
Chip 
Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DQD-DQ7 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 


nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 
Power supply for erase and programming. 
Vpp must be 


at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 


alter the memory array contents. 
Memory contents can- 


not be altered when Vpp ~ Vcc +2 V. 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 


function of the command 
register to the memory 
array. 


The target address 
is latched on the falling edge of the 


Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


BASIC PRINCIPLES 


The Am28F512 
uses 100% TIL-Ievel 
control 
inputs to 


manage the command 
register. 
Erase and reprogram- 


ming operations 
use a fixed 12.0 V ± 5% power supply. 


Read Only Memory 


Without high Vpp voijage, the Am28F512 
functions 
as a 


read 
only 
memory 
and 
operates 
like 
a 
standard 


EPROM. 
The 
control 
inputs 
still 
manage 
traditional 


read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 


age is applied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 


addition, 
two-cycle 
commands 
are required 
for erase 


and reprogramming 
operations. 
The traditional 
read, 
standby, 
output 
disable, 
and Auto 
select 
modes 
are 


available 
via the register. 


The Am28F512's 
command 
register 
is written 
using 


standard 
microprocessor 
write 
timings. 
The 
register 


controls 
an internal state machine that manages all de- 
vice operations. 
For system 
design 
simplification, 
the 


Am28F512 
is designed 
to support 
either 
WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 


of WE orCE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 


Flasherase 
Sequence 


A multiple step command 
sequence 
is required to erase 


the Flash device 
(a two-cycle 
Erase command 
and re- 


peated one cycle verify commands). 


Note: 
The Flash memory array must be completely 
pro- 


grammed 
to D's prior to erasure. 
Refer to the Flashrite 


Programming 
Algorithm. 


1. Erase Set-Up: 
Write the Set-Up Erase command 
to 


the command 
register. 


2. 
Erase: 
Write the Erase command 
(same as Set-Up 


Erase command) 
to the command 
register 
again. 


The second command 
initiates the erase operation. 


The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. 
An integrated 
stop timer prevents 


any possibility 
of overerasure. 


3. 
Erase-Verify: 
Write the 
Erase-verify 
command 
to 


the command 
register. 
This command 
terminates 


the erase operation. 
After the erase operation, 
each 


byte of the array must be verified. 
Address 
informa- 


tion must 
be supplied 
with the 
Erase-verify 
com- 


mand. 
This 
command 
verifies 
the 
margin 
and 


outputs the addressed 
byte in order to compare 
the 


array data with FFH data (Byte erased). 
After suc- 


cessful data verification 
the Erase-verify 
command 


is written again with new address 
information. 
Each 


byte 
of the 
array 
is sequentially 
verified 
in this 


manner. 


If data of the addressed 
location 
is not verified, 
the 


Erase 
sequence 
is repeated 
until the entire 
array 
is 


successfully 
verified 
or 
the 
sequence 
is 
repeated 


1000 times. 


Flashrite 
Programming 
Sequence 


A three step command 
sequence 
(a two-cycle 
Program 


command 
and one cycle Verify command) 
is required to 


program a byte of the Flash array. Referto 
the Flashrite 


Algorithm. 


1. Program 
Set-Up: 
Write the Set-Up 
Program 
com- 
mand to the command 
register. 


2. 
Program: 
Write the Program command 
to the com- 


mand 
register 
with 
the 
appropriate 
Address 
and 


Data. The system software 
routines must now time- 


out the program 
pulse width (10 llS) prior to issuing 
the 
Program-verify 
command. 
An integrated 
stop 


timer prevents 
any possibility 
of overprogramming. 


3. 
Program-Verify: 
Write 
the 
Program-verify 
com- 


mand to the command 
register. 
This command 
ter- 


minates the programming 
operation. 
In addition, this 


command 
verifies 
the margin 
and outputs 
the byte 


just programmed 
in order to compare 
the array data 


with the original data programmed. 
After successful 


data verification, 
the programming 
sequence 
is initi- 


ated 
again 
for 
the 
next 
byte 
address 
to 
be 


programmed. 


If data 
is not verified 
successfully, 
the 
Program 
se- 


quence 
is repeated 
until a successful 
comparison 
is 


verified or the sequence 
is repeated 
25 times. 


Data Protection 


The Am28F512 
is designed 
to offer protection 
against 


accidental 
erasure or programming, 
caused by spurious 


system level signals that may exist during power transi- 
tions. 
The Am28F512 
powers up in its read only state. 
Also, with its control 
register 
architecture, 
alteration 
of 


the memory contents 
only occurs after successful 
com· 
pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 


prevent 
inadvertent 
write 
cycles 
resulting 
fromVcc 
power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 


than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
cir- 
cuits are disabled. 
The device 
will reset to the read 


mode. 
Subsequent 
writes will be ignored until the Vcc 


level is greater than VLKO. It is the users responsibility 
to 


ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" 
Protection 


Noise pulses of less than 10 ns (typical) 
on OE, CE or 


WE will not initiate a write cycle. 


Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = VIH or WE = VIH. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = VILand OE = V IH 
will not accept commands 
on the rising edge of WE. The 


internal state machine is automatically 
reset to the read 


mode on power-up. 


FUNCTIONAL DESCRIPTION 
Description of User Modes 


Operation 
CE 
OE 
WE 
Vpp 
(E) 
(G) 
(W) 
(Note 1) 
AO 
A9 
I/O 


Read 
VIL 
VIL 
X 
VPPL 
AO 
A9 
Dour 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output Disable 
VIL 
VIH 
VIH 
VPPL 
X 
X 
HIGHZ 
Read-Only 
Auto-select Manufacturer 
VIL 
VIL 
VIH 
VPPL 
VIL 
VID 
CODE 
Code (Note 2) 
(Note 3) 
(01H) 


Auto-select Device Code 
VIL 
VIL 
VIH 
VPPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(25H) 


Read 
VIL 
VIL 
VIH 
VPPH 
AO 
A9 
Dour 
(Note 4) 


ReadlWrite 
Standby (Note 5) 
VIH 
X 
X' 
VPPH 
X 
X 
HIGHZ 


Output Disable 
VIL 
VIH 
VIH 
VPPH 
X 
X 
HIGHZ 


Write 
VIL 
VIH 
VIL 
VPPH 
AO 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
V/Lor V/H levels, 
VPPL = Vpp < Vee + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH, 0 V < An < Vee + 2 V, (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or < Vee +2.0 
V. VPPHis the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not wriNen or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 
11.5< V/o < 13.0 V 


4. 
Read 
operation 
with Vpp = VPPH may access 
array data or the Auto select 
codes. 


5. 
With Vpp at high voltage, 
the standby 
current 
is Ice + Ipp (standby). 


6. 
Refer 
to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
V/L or V/H levels. 
In the Auto 
select 
mode 
all 


addresses 
except 
A9 and AO must be held at VIL. 


READ ONLY MODE 


Vpp < Vcc + 2 V 
Command 
Register 
Inactive 


Read 


The Am28F512 
functions 
as a read only memory when 


Vpp < Vcc + 2 V. The Am28F512 
has two control func- 


tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific 
device 
selection. 
OE controls 
the device 
out- 


puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time lAcc is equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 


cess time tCE is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have[been 
stable at least tACC-toE). 


Stan6bY 
Mode 


The Am28F512 
has two standby 
modes. 
The CMOS 
standby mode (CE input held at Vcc ± 0.5 V), consumes 
less 
han 100 J.!.Aof current. 
TTL standby 
mode (CE is 
held at VIH) reduces 
the current 
requirements 
to less 
than 1mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 


ming, or program/erase 
verification, 
the device will draw 
active current until the operation 
is terminated. 


Output 
Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 
pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended forthe 
purpose of auto- 


matically matching the device to be programmed 
with its 


corresponding 
programming 
algorithm. 
This 
mode 
is 


functional 
over 
the 
entire 
temperature 
range 
of the 


device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VID (11.5 V to 13.0 V) on address 
A9. Two 


identifier bytes may then be sequenced 
from the device 


outputs by toggling address AD from VILto VIH. All other 
address lines must be held at VIL, and VPp must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AD = VIL) represents 
the manufacturer 
code and byte 1 (AD = VIH)the device identifier code. For 
the Am28F512thesetwo 
bytes are given inthe table be- 


low. All identifiers 
for manufacturer 
and device 
codes 


will exhibit odd parity with the MSB (007) 
defined as the 


parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and 
READ 
MODE 
section 
for program- 


ming the Flash memory device in-system). 


Code 


Type 
AD 
(HEX) 
007 
006 
005 
004 
003 
002 
001 
000 


Manufacturer Code 
VIL 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device Code 
VIH 
25 
0 
0 
1 
0 
0 
1 
0 
1 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command Register Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 


activate the command 
register. Data wrillen to the regis- 
ter serves 
as input to the internal 
state machine. 
The 


output of the state machine determines 
the operational 


function 
of the device. 


The command 
register does not occupy an addressable 


memory 
location. The register 
is a latch that stores the 


command, 
along with the address and data information 


needed to execute the command. 
The register is written 


by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 
dresses 
are latched 
on the falling 
edge of WE, while 


data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings 
are used. 


The device requires the OE pin to be VIH for write opera- 
tions. This condition 
eliminates 
the possibility 
for bus 


contention 
during programming 
operations. 
In order to 


write, OE must be VIH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 


not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 


(Read Mode) in the absence 
of high voltage applied to 


the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 


cific data codes 
into the command 
register. 
Table 
3 


defines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when Vpp is high. To read from the device, write 
OOHinto the command 
register. Standard 
microproces- 


sor read cycles access data from the memory. 
The de- 


vice will remain 
in the read mode until the command 


'register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 


upon Vpp power-up. 
The OOH(Read Mode) register de- 


fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 


memory contents 
does not occur during the Vpp power 


transition. 
Refer to the AC Read Characteristics 
and 


Waveforms 
for the specific timing parameters. 


First 
Bus Cycle 
Second 
Bus 
Cycle 


Operation 
Address 
Data 
Operation 
Address 
Data 
Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read 
Memory 
(Note 6) 
Write 
X 
OOH/FFH 
Read 
RA 
RD 


Read Auto select 
Write 
X 
SOH or 90H 
Read 
OOH/01H 
01H125H 


Erase 
Set-up/EraseWrite 
Write 
X 
20H 
Write 
X 
20H 
(Note 4) 


Erase-Verify 
(Note 4) 
Write 
EA 
AOH 
Read 
X 
EVD 


Program 
Set-up/ 
Write 
X 
40H 
Write 
PA 
PD 
Program 
(Note 5) 


Program-Verify 
(Note 5) 
Write 
X 
COH 
Read 
X 
PVD 


Reset 
(Note 6) 
Write 
X 
FFH 
Write 
X 
FFH 


Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 
EA = Address 
of the memory 
location 
to be read during 
erase-verify. 


PA = Address 
of the memory 
location 
to be programmed. 
X = Don't 
care. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 


3. 
RD = Data read from location 
RA during 
read operation. 
EVD = Data read from location 
EA during 
erase-verify. 


PO = Data to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


PVD = Data read from location 
PA during 
program-verify. 
PA is latched 
on the Program 
command. 


4. 
Figure 
1 illustrates 
the Flasherase 
Electrical 
Erase Algorithm. 


5. 
Figure 3 illustrates 
the Flashrite 
Programming 
Algorithm, 


6. 
Please 
reference 
Reset 
Command 
section. 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD's Flasherase and Flashrite 
Algorithms 


Flasherase Erase sequence 


Erase Set-Up/Erase 
Commands 


Erase Set-Up 


Erase Set-up is the first of a two-cycle 
erase command. 
It is a command-only 
operation 
that stages the device 


for bulk chip erase. The array contents 
are not altered 


~ith t.his command. 
20H is written to the command 
reg- 
Ister In order to perform the Erase Set-up operation. 


Erase 


The second two-cycle 
erase command 
initiates the bulk 


erase operation. 
You must write the Erase command 


(20H) again to the register. The erase operation 
begins 


":,,iththe rising edge of the WE pulse. The erase opera- 
tion 
must 
be terminated 
by writing 
a new command 


(Erase-verify) 
to the register. 


This two step sequence 
of the Set-up and Erase com- 


mands helps to ensure that memory contents are not ac- 
cidentally 
erased. 
Also, 
chip 
erasure 
can only occur 


when high voltage 
is applied to the Vpp pin and all con- 
trol pins are in their proper state. In absence of this high 
voltage, 
memory 
contents 
cannot 
be altered. 
Refer to 


AC Erase Characteristics 
and Waveforms 
for specific 


timing parameters. 


Note: The Flash memory 
device must be fully pro- 
grammed 
to OOHdata prior to erasure. 
This equalizes 


the charge on all memory 
cells ensuring 
reliable 


erasure. 


AMD~ 


Erase-Verify 
Command 


The erase 
operation 
erases 
all bytes of the array 
in 


parallel. 
After the erase operation, 
all bytes 
must be 


sequentially 
verified. The Erase-verify 
operation 
is initi- 


ated by writing AOH to the register. The byte address to 
be verified 
must be supplied 
with the command. 
Ad- 


dresses are latched on the falling edge of the WE pulse 
or c~ulse, 
whichever 
occurs later. The rising edge of 


the WE pulse terminates 
the erase operation. 


Margin Verify 


During the Erase-verify 
operation, 
the Am28F512 
ap- 


plies an internally 
generated 
margin voltage to the ad- 


dressed 
byte. Reading 
FFH from the addressed 
byte 


indicates that all bits in the byte are properly 
erased. 


Verify Next Address 


You must write the Erase-verify 
command 
with the ap- 


propriate 
address to the register 
prior to verification 
of 


each address. 
Each new address is latched on the fail- 


ing edge of WE or CE pulse, whichever 
occurs later. The 


process continues for each byte in the memory array un- 
til a byte does not return FFH data or all the bytes in the 
array are accessed 
and verified. 


If an address is not verified to FFH data, the entire chip is 
erased again (referto 
Erase Set-up/Erase). 
Erase verifi- 


cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. 
At 


this point, the verification 
operation 
is terminated 
by 


writing 
a valid command 
(e.g. Program 
set-up) to the 


command 
register. Figure 1 and Table 5, the Flasherase 


electrical erase algorithm, 
illustrate how commands 
and 


bus operations 
are combined 
to perform 
electrical 
era- 


sure. Referto AC Erase Characteristics 
and Waveforms 


for specific timing parameters. 


11561E-6 


Figure 1. Flasherase 
Electrical 
Erase Algorithm 


Flasherase Electrical Erase Algorithm 


This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, 
and 
number of erase/program 
cycles on the device. 
In gen- 
eral, reprogramming 
time increases 
as the number 
of 
eras1/program 
cycles increases. 


The Flasherase 
electrical 
erase algorithm 
employs 
an 
interactive 
closed loop flow to simultaneously 
erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. 
The Am28F512 
is erased when shipped 


from the factory. 
Reading 
FFH data from the device 
would immediately 
be followed 
by executing 
the Flash- 


rite programming 
algorithm 
with the appropriate 
data 
pattern. 


Should the device be currently 
programmed, 
data other 
than FFH will be returned 
from address 
locations. 
Fol- 
low the Flasherase 
algorithm. 
Uniform and reliable era- 
sure 
is ensured 
by first 
programming 
all bits in the 


device 
to their 
charged 
state 
(Data 
= DOH). This 
is 
accomplished 
using the 
Flashrite 
Programming 
algo- 
rithm. Erasure then continues 
with an initial erase op- 
eration. 
Erase 
verification 
(Data 
= FFH) 
begins 
at 
address OOOOHand continues 
through 
the array to the 
last address, 
or until data other than 
FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each arase 
operation, 
an increasing 
number 
of 
bytes verify to the erased state. Typically, 
devices 
are 
erased in less than 100 pulses (one second). 
Erase effi- 
ciency 
may be improved 
by storing the address 
of the 
last byte that fails to verify in a register. 
Following 
the 
next erase operation, 
verification 
may start at the stored 
address 
location. 
A total of 1000 erase pulses 
are al- 
lowed per reprogram 
cycle, which corresponds 
to ap- 
proximately 
10 seconds 
of cumulative 
erase time. The 
entire sequence 
of erase and byte verification 
is per- 
formed with high voltage applied to the VPP pin. Figure 1 
illustrates the electrical 
erase algorithm. 


Bus 
Operations 
Command 
Comments 


Entire memory 
must = OOH before 
erasure 
(Note 
3) 
Note: 
Use Flashrileprogramming 
algorithm 
(Figure 
3) for 
programming. 


Standby 
Wait for VPP ramp to VpPH (Note 
1) 
Initialize: 
Addresses 
PLSCNT 
(Pulse 
count) 


Write 
Erase 
Set-Up 
Data = 20H 


Write 
Erase 
Data = 20H 


Standby 
Duration 
of Erase Operation 
(tWHWH2) 


Writ~ 
Erase-Verify 
(Note 2) 
Address 
= Byte to Verify 
Data = AOH 
Stops 
Erase Operation 


Standby 
Write 
Recovery 
Time before 
Read 
= 6 I.l.s 


Read 
Read byte to verify 
erasure 


Standby 
Compare 
output 
to FFH 
Increment 
pulse count 


Write 
Reset 
Data = FFH, reset the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPL (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPHor VPPL. The VPPpower 
supply 
can be hard-wired 
to the device 
or switchable. 


Wten 
VPP is switched, 
VPPL may be ground, 
no connect 
with a resistor 
tied 10 ground, 
or less than 
Vcc + 2.0 
V. 


2. 
Erase 
Verify is performed 
only after chip erasure. 
A final read compare 
may be performed 
(optional) 
after the register 
is 
written 
with the read command. 


3. 
The erase 
algorithm 
Must 
Be Followed 
to ensure 
proper 
and reliable 
operation 
of the device. 
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Bus Cycle 
Write 
Write 
Time-out 
Write 
Time-out 
Read 
Standby 


Command 
20H 
20H 
N/A 
AOH 
N/A 
Compare 
N/A 


Data 


Function 
Erase 
Erase 
Erase 
Erase- 
Transition 
Erase 
Proceed per 
Set-up 
(1Oms) 
Verify 
(6I1S) 
Verification 
Erase 
Algorithm 


'\; 


Analysis 
of Erase Timing 
Waveform 


Note: 
This analysis does not include the requirement 
to 
program 
the entire array to OOH data prior to erasure. 
Refer to the Flashrite 
Programming 
algorithm. 


Erase Set-Up/Erase 


This analysis illustrates the use of two-cycle 
erase com- 
mands 
(section 
A and 
B). The first erase 
command 


(20H) is a set-up command 
and does not affect the array 
data (section A). The second erase command 
(20H) in- 


itiates the erase operation 
(section B) on the rising edge 
of this WE pulse. 
All bytes of the memory 
array 
are 
erased in parallel. 
No address 
information 
is required. 


The erase pulse occurs in section C. 


Time-Out 


A software timing routine (10 ms duration) 
must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated 
stop timer prevents 
any possibility 
of overerasure 
by limiting each time-out period of 10 ms. 


Erase-Verify 


Upon completion 
of the erase software 
timing routine, 
the microprocessor 
must write 
the 
Erase-verify 
com- 


mand (AOH). This command 
terminates 
the erase op- 
eration on the rising edge of the WE pulse (section 
D). 


The Erase-verify 
command 
also stages the device for 


data verification 
(section 
F). 


After each erase operation 
each byte must be verified. 


The byte address 
to be verified 
must be supplied 
with 


the Erase-verify 
command 
(section 
D). Addresses 
are 


latched on the falling edge of the WE pulse. 


Another software timing routine (611S duration) 
must be 
executed to allow for generation 
of internal voltages 
for 


margin checking 
and read operation 
(section 
E). 


During Erase-verification 
(section 
F) each address that 


returns FFH data is successfully 
erased. 
Each address 
of the array is sequentially 
verified in this manner by re- 


peating sections 0 thru F until the entire array is verified 
or an address fails to verify. Should an address 
location 


fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification 
(section 
D) with 


the failed address. 


Each data change sequence 
allows the device to use up 


to 1,000 erase 
pulses 
to completely 
erase. 
Typically 


100 erase pulses are required. 


Note: 
All address 
locations 
must 
be programmed 
to 


OOH prior 
to erase. 
This equalizes 
the charge 
on all 


memory 
cells and ensures reliable erasure. 


Flashrite Programming Sequence 


Program 
Set-Up/Program 
Command 


Program 
Set-Up 


The Am28F512 
is programmed 
byte by byte. Bytes may 


be programmed 
sequentially 
or at random. 
Program 


Set-up is the first of a two-cycle 
program 
command. 
It 


stages the device for byte programming. 
The Program 


Set-Jp 
operation 
is performed 
by writing 
40H to the 


comrand 
register. 


progr.am 


Only after the program 
set-up operation 
is completed 


will the next WE pulse initiate the active programming 
operJtion. 
The appropriate 
address 
and data for pro- 


gramming 
must be available 
on the second WE pulse. 
Addresses 
and data are internally latched on the falling 


and risin~ge 
of the WE pulse respectively. 
The rising 


edge of WE also begins 
the programming 
operation. 


You must write the Program-verify 
command 
to termi- 
nate the 
programming 
operation. 
This 
two 
step 
se- 


quence of the Set-up and Program commands 
helps to 


ensure that memory contents 
are not accidentally 
writ- 
ten. Also, programming 
can only occur when high volt- 


age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents 
cannot be programmed. 


Refer to AC Characteristics 
and Waveforms 
for specific 
timing parameters. 


Program 
Verify 
Command 


Following 
each programming 
operation, 
the byte just 


programmed 
must be verified. 


Write COH into the command 
register in order to initiate 


the Program-verify 
operation. 
The rising edge of this WE 


pulse terminates 
the programming 
operation. 
The Pro- 


gram-verify 
operation 
stages the device for verification 


of the last byte programmed. 
Addresses 
were 
previ- 


ously latched. No new information 
is required. 


Margin 
Verify 


During the Program-verify 
operation, 
the Am28F512 
ap- 


plies an internally 
generated 
margin voltage to the ad- 


dressed 
byte. 
A 
normal 
microprocessor 
read 
cycle 


outputs the data. A successful 
comparison 
between the 


programmed 
byte and the true data indicates 
that the 


byte 
was 
successfully 
programmed. 
The 
original 


programmed 
data 
should 
be stored 
for comparison. 


Programming 
then proceeds to the next desired byte lo- 


cation. Should the byte fail to verify, reprogram 
(refer to 


Program 
Set-up/Program). 
Figure 3 and Table 5 indi- 


cate how instructions 
are combined 
with the bus opera- 


tions 
to 
perform 
byte 
programming. 
Refer 
to 
AC 


Programming 
Characteristics 
and Waveforms 
for spe- 


cific timing parameters. 


Flashrite 
Programming 
Algorithm 


The Am28F512 
Flashrite Programming 
algorithm 
em- 


ploys an interactive 
closed 
loop flow to program 
data 


byte by byte. Bytes may be programmed 
sequentially 
or 
at random. The Flashrite Programming 
algorithm 
uses 


10 microsecond 
programming 
pulses. Each operation 
is 
followed by a byte verification 
to determine when the ad- 


dressed 
byte has been successfully 
programmed. 
The 


program algorithm 
allows for up to 25 programming 
op- 


erations per byte per reprogramming 
cycle. Most bytes 
verify 
after the first or second 
pulse. 
The 
entire 
se- 


quence 
of programming 
and byte verification 
is per- 


formed with high voltage applied to the Vpp pin. Figure 3 
and Table 5 illustrate the programming 
algorithm. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp ramp to VPPH (Note 
1) 
Initialize 
pulse 
counter 


Write 
Program 
Set-Up 
Data = 40H 


Write 
Program 
Valid Address/Data 


Standby 
Duration 
of Programming 
Operation 
(twHWH1) 


Write 
Program-Verify 
(2) 
Data = COH Stops 
Program 
Operation 


Standby 
Write 
Recovery 
Time before 
Read = 6 !J.s 


Read 
Read byte to verify 
programming 


Standby 
Compare 
data output 
to data expected 


Write 
Reset 
Data = FFH. resets the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPL (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPH. The Vpp power 
supply 
can be hard-wired 
to the device 
or switchable. 
When Vpp is 


switched. 
VPPL may be ground. 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. 


2. 
Program 
Verify is performed 
only after byte programming. 
A final read/compare 
may be performed 
(optional) 
after the 
register 
is written 
with the read command. 
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(6 llS) 
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Programming 
Algorithm 


Figure 
4. A.e. Waveforms 
for Programming 
Operations 


Analysis 
of Program 
Timing 
Waveforms 
Program-Verify 


Program 
Set-Up/Program 
Upon completion 
of the program timing routine, the mi- 


Two-bcle 
write commands 
are required 
for program 
croprocessor 
must write the program-verify 
command 
oper~tions 
(section 
A and B). The first program 
com- 
(COH). This command 
terminates 
the programming 
op- 
man9 (40H) is a set-up command 
and does not affect 
eration on the rising edge of the WE pulse (section 
D). 


the ~ray 
data (section 
A). The second 
program 
com- 
The program-verify 
command 
also stages the device for 
man 
latches 
address 
and data required for program- 
data verification 
(section 
F). Another 
software 
timing 
ming on the falling and rising edge of WE respectively 
routine 
(6 IJ.sduration) 
must be executed 
to allow for 
(section B). The rising edge of this WE pulse (section B) 
generation 
of internal voltages for margin checking 
and 
also 
Initiates 
the 
programming 
pulse. 
The 
device 
is 
read operations 
(section 
E). 


programmed 
on a byte by byte basis either sequentially 


or randomly. 


The rogram 
pulse occurs in section C. 


Time-Out 


A sofjware 
timing routine (10 IJ.sduration) 
must be initi- 


ated 0n the rising edge of the WE pulse of section B. 


Note; An integrated 
stop timer prevents 
any possibility 


of oVyrprogramming 
by limiting each time-out period of 


1°115. 


During program-verification 
(section 
F) each byte just 


programmed 
is read to compare 
array data with original 


program data. When successfully 
verified, the next de- 


sired address is programmed. 
Should a byte fail to ver- 


ify, reprogram 
the byte (repeat section A thru F). Each 


data change 
sequence 
allows the device 
to use up to 


25 program pulses per byte. Typically, 
bytes are verified 


within one or two pulses. 


Algorithm 
Timing 
Delays 


There are four different 
timing 
delays 
associated 
with 


the Flasherase 
and Flashrite algorithms: 


1. The first delay is associated 
with the 
Vpp 
rise-time 
when 
Vpp first turns on. The capacitors 
on the 
Vpp 
bus cause an RC ramp. After switching 
on the Vpp, 
the delay required 
is proportional 
to the number of 


devices 
being 
erased 
and the 0.1IlF/device. 
Vpp 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 


(10 ms). A software 
timing routine should be run by 


the local microprocessor 
to time out the delay. The 
erase operation 
must be terminated 
at the conclu- 


sion of the timing 
routine or prior to executing 
any 


system 
interrupts 
that may occur during the erase 
operation. 
To ensure proper device operation, 
write 


the Erase-verify 
operation 
after each pulse. 


3. A third delay time is required for each programming 
pulse width (10 Ils). The programming 
algorithm 
is 
interactive 
and verifies 
each byte after a program 


pulse. The program operation 
must be terminated 
at 
the conclusion 
of the timing routine or priorto execut- 


ing any system interrupts 
that may occur during the 
programming 
operation. 


4. 
A fourth 
timing 
delay 
associated 
with 
both 
the 
Flasherase 
and Flashrite algorithms 
is the write re- 


covery time (6Ils). 
During this time internal circuitry 


is changing 
voltage 
levels from the erasel program 


level 
to those 
used 
for 
margin 
verify 
and 
read 


operations. 
An attempt to read the device during this 
period will result in possible false data (it may appear 
the device is not properly 
erased or programmed). 


Note: Software 
timing routines should be written in ma- 


chine language 
for each of the delays. 
Code written in 


machine 
language 
requires knowledge 
of the appropri- 
ate microprocessor 
clock speed in order to accurately 
time each delay. 


Parallel 
Device 
Erasure 


Many applications 
will use more than one Flash memory 


device. 
Total erase time may be minimized 
by imple- 


menting 
a parallel 
erase 
algorithm. 
Flash 
memories 
may erase 
at different 
rates. 
Therefore 
each 
device 
must 
be verified 
separately. 
When 
a device 
is com- 


pletely erased and verified use a masking 
code to pre- 


vent further erasure. 
The other devices will continue 
to 


erase until verified. The masking code applied could be 
the read command 
(OOH). 


Power-Up 
Sequence 


The 
Am28F512 
powers-up 
in the 
Read 
only 
mode. 
Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memory 
de- 


vice to the Read mode. In addition, 
it also provides 
the 


user with a safe .method to abort any device operation 
(including 
program 
or erase). 


The Reset command 
must be written two consecutive 


times after the set-up 
Program 
command 
(40H). This 


will reset the device to the Read mode. 


Following 
any other 
Flash command 
write 
the Reset 


command 
once to the device. This will safely abort any 


previous operation 
and initialize the device to the Read 


mode. 


The set-up 
Program 
command 
(40H) is the only com- 


mand that requires a two sequence 
reset cycle. The first 


Reset command 
is interpreted 
as program 
data. How- 


ever, FFH data is considered 
null data during program· 


ming operations 
(memory 
cells are only programmed 


from a logical "1"to 
"0"). The second 
Reset command 
safely aborts the programming 
operation 
and resets the 


device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 


prove easier to always 
issue the Reset command 
two 
consecutive 
times. This eliminates 
the need to deter- 


mine if you are in the set-up Program 
state or nol. 


Programming 
In-System 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 
soldering 
the device to the board. 


Auto 
S£1lect Command 


AM D's Flash memories 
are designed 
for use in applica- 
tions where the local CPU alters memory contents. 
Ac- 
cordingly, 
manufacturer 
and 
device 
codes 
must 
be 
accessible 
while the device resides in the target system. 


PROM 
programmers 
typically 
access 
the 
signature 
codes by raising A9 to a high voltage. 
However, 
multi- 


plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F512 
contains 
an Auto Select operation 
to 
supplement 
traditional 
PROM programming 
methodol- 
ogy. The operation 
is initiated bywriting 
80H or90H 
into 
the command 
register. 
Following this command, 
a read 
cycle address OOOOHretrieves the manufacturer 
code of 


01 H. A read cycle from address 
0001 H returns the de- 
vice code 25H (see Table 2). To terminate the operation, 
it is necessary 
to write another valid command, 
such as 
Reset (FFH), into the register. 


ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic 
Packages 
-65°C 
to + 150°C 


Plastic Packages 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp (Note 1) 
-2.0 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to +14.0 V 


Vpp(Note2) 
-2.0Vto+14.0V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or 110pins is -0.5 V. During 
voltage 
transitions. 
inputs may overshoot 
Vss to -2.0 Vfor 
periods 
of up to 20 ns. Maximum 
DC voltage 
on output and 
/10 pins is Vcc + 0.5 V. During 
voltage 
transitions, 
outputs 


may overshoot 
to Vcc + 2.0 V for periods 
up to 20 ns. 


2. 
Minimum 
DC input 
voltage 
on A9 and 
Vpp pins is -0.5 V. 


During 
voltage 
transitions. 
A9 and Vppmay overshoot 
Vss 


to -2.0 V for periods 
of up to 20 ns. Maximum 
DC input 


voltage 
on A9 and 
Vpp is + 13.5 V which may overshoot 
to 


14.0 V for periods 
up to 20 ns. 


3. 
No more than one output 
shorted 
at a time. Duration 
of the 
short 
circuit 
should 
not be greater 
than one second. 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 
ings· 
may cause 
permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; 
functional 
operation 
of the device 
at these 


or any other 
conditions 
above 
those 
indicated 
in the opera· 


tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 


tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Tc) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Tc) 
.....•.... 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Tc) 
-55°C 
to + 125°C 


Military 
(M) Devices 
Case Temperature 
(Tc) 
..•...... 
-55°C 
to +125°C 


Vcc Supply 
Voltages 
Vccfor 
Am28F512-X5 
+4.75 V to +5.25 V 


Vccfor 
Am28F512-XXO 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program. 
Erase, and Verify 
+11.4 V to +12.6 V 


Operating 
ranges 
define 
those 
limits 
between 
which 
the 


functionality 
of the device 
is guaranteed. 


~ 
AMD 


MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 
20 ns 


~~~ 


-2.0V~. 
~~ 
I 


20 ns 


Vcc + 0.5 V 


2.0 V 


20 ns 


I' .~ 


~ 


20 ns 
~I"~ 


AMD~ 
06 CHARACTERISTICS 
over operating 
range unless otherwise 
specified 
(Notes 
1-4) 


DC CHARACTERISTICS-TTLINMOS 
COMPATIBLE 


Parameter 
~ymbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
~ 


VIN = Vcc or Vss 


ILa 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
~ 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
0.2 
1.0 
mA 


CE = VIH 


ICCl 
Vcc Active 
Read Current 
Vcc = Vcc Max,CE 
= VIL, OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


ICC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


IIPPS 
Vpp Standby 
Current 
Vpp = VPPL 
±1.0 
~ 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 


Vpp = VPPL 
±1.0 


J.1A 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltaae 
-0.5 
0.8 
V 


I VIH 
Input High Voltage 
2.0 
Vcc 
V 
+ 0.5 


I VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOHl 
Output 
High Voltage 
IOH=-2.5 
mA 
2.4 
V 


Vcc= 
Vcc Min 


VID 
A9 Auto Select 
Voltage 
A9= 
VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9= 
VID Max 
5 
50 
~ 


Vcc= 
Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: Erase/Program are 
0.0 
Vcc 
V 


Operations 
inhibited when Vpp= VPPL 
+2.0 


VPPH 
Vpp during 
ReadlWrite 
11.4 
12.6 
V 


Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 


1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vee or Vppis applied. 


2. 
leel is tested with OE = VIHto simulate open outputs. 


3. 
Maximum active power usage is the sum of lee and Ipp. 


4. 
Not 100% tested. 


L 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vee = Vee Max, 
± 1.0 
!LA 


VIN = Vee or Vss 


ILO 
Output 
Leakage 
Current 
Vee = Vee Max, 
± 1.0 
!LA 


VOUT = Vee or Vss 


Ices 
Vee Standby 
Current 
Vee= 
Vee Max 
15 
100 
!LA 


CE = Vee + 0.5 V 


leel 
Vee Active 
Read Current 
Vee = Vee Max,CE 
= VIL. OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


lee2 
Vee Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


lee3 
Vee Erase Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
± 1.0 
!LA 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 
!LA 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase 
Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vee 
Vee 
V 
+0.5 


VOL 
Output 
Low Voltage 
IQL= 5.8 mA 
0.45 
V 


Vee= 
Vee Min 


VOHl 
IOH = -2.5 mA, Vee = Vee Min 
0.85 


Output 
High Voltage 
Vee 


V 
VOH2 
IOH = -100 J.l.A,Vee = Vee Min 
Vee 
-0.4 


VID 
A9 Auto Select 
Voltage 
A9= 
VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9= 
VID Max 
5 
50 
!LA 


Vee= 
Vee Max 


VpPL 
Vpp during 
Read-Only 
Note: 
Erase/ 
Program 
are 
0.0 
Vee 
V 


Operations 
inhibited 
when Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 


Operations 


VLKO 
Low Vee Lock·out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F512 
must not be removed 
from (or inserted 
into) a socket 
when 
Vcc or Vpp is applied. 


2. 
IccI 
is tested 
with OE = VIHto simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Icc and Ipp. 


4. 
Not 
100% tested. 


15 


Ice Active 
---- 


55°C 
in mA 
-0-- 
O°C 
10 
-+- 
25°C 
~ 
70°C 
-.-- 
125°C 


5 


Figure 5. Am28F512-Average 
Ice Active vs. Frequency 
Vcc = 5.5 V, Addressing 
Pattern = Minmax 


Data Pattern = Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = a 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = a 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = a 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS 
over operating 
range unless otherwise 
specified 


AC CHARACTERISTICS-Read 
Only Operation 
(Notes 1-4) 


Parameter 
Am28F512 


Symbols 


- 
-90 
-120 
-150 
-200 
·250 
JEDEC 
Standard 
Parameter 
Description 
-75 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read Cycle 
Time 
Min 
70 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tELOV 
tCE 
Chip 
Enable 
Min 


Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tAVOV 
tACC 
Address 
Min 
Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tGLOV 
tOE 
Output 
Enable 
Min 


Access 
Time 
Max 
35 
35 
50 
55 
55 
55 
ns 


tELOX 
tLl 
Chip Enable 
to 
Min 
a 
a 
a 
a 
a 
a 
ns 
Output 
in Low Z (Note 4) 
Max 


tEHOl 
tDF 
Chip Disable 
to 
Min 


Output 
in High Z (Note 3) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tGLOX 
tOLl 
Output 
Enable 
to 
Min 
a 
a 
a 
a 
a 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHOl 
tDF 
Output 
Disable 
to 
Min 


Output 
in High Z (Note 4) 
Max 
20 
20 
30 
35 
35 
35 
ns 


lAxox 
tOH 
Output 
Hold from first of 
Min 
a 
a 
a 
a 
a 
a 
ns 
Address, 
CE, or OE Change 
Max 
(Note 4) 


tWHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
6 
~s 
Time before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
~s 
Valid 
Read 
(Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and 
CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0.45 
V to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F512-75 
amd Am28F512-95 
Output 
Load: 
1 TTL gate and CL = 100 pF 


Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0 V to 3 V 
Timing 
Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 
3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F512 
Symbols 
- 
·90 
·120 
·150 
·200 
·250 
JEDEC 
Standard 
Parameter 
Description 
·75 
·95 
- 
- 
- 
- 
Unit 


tAVAV 
twc 
Write 
Cycle Time 
Min 
70 
90 
120 
150 
200 
250 
ns 
(Note 6) 
Max 


lAVWL 
lAs 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
0 
ns 
Max 


tWLAX 
lAH 
Address 
Hold Time 
Min 
45 
45 
50 
60 
75 
75 
ns 
Max 


tDVWH 
tDS 
Data Set-Up 
Time 
Min 
45 
45 
50 
50 
50 
50 
ns 
Max 


tWHDX 
tDH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
Max 


twHGL 
twR 
Write 
Recovery 
Time 
Min 
6 
6 
6 
6 
6 
6 
~s 
before 
Read 
Max 


tGHWL 
Read 
Recovery 
Time 
Min 
0 
0 
0 
0 
0 
0 
~s 
before 
Write 
Max 


tnwL 
tcs 
Chip Enable 
Min 
0 
0 
0 
0 
0 
0 
ns 
Set-Up 
Time 
Max 


tWHEH 
tCH 
Chip Enable 
Min 
0 
0 
0 
0 
0 
0 
ns 
Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
45 
50 
60 
60 
60 
ns 
Max 


tWHWL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tvJHWH1 
Duration 
of Programming 
Min 
10 
10 
10 
10 
10 
10 
~s 
Operation 
(Note 4) 
Max 


twHWH2 
Duration 
of 
Min 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
ms 
Erase Operation 
(Note 4) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tvcs 
Vcc 
Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
~s 
Chip Enable 
LOW 
(Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tvPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


10% VPPL (Note 6) 
Max 


tLKO 
Vcc < VLKO 
Min 
100 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F512-75 
and Am28F512-95 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.45 
Vto 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F512-75 
and Am28F512-95 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.0 V to 3.0 V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Maximum 
pulse 
widths 
not required 
because 
the on-chip 
program/erase 
stop timer 
will terminate 
the pulse 
widths 
internally 
on the device. 


5. 
Chip-Enable 
Controlled 
Writes: 
Write operations 
are driven 
by the valid combination 
of Chip-Enable 
and 
Write-Enable. 
In 
systems 
where 
Chip-Enable 
defines 
the Write Pulse 
Width (within a longer 
Write-Enable 
timing 
waveform) 
all set-up, 
hold 
and inactive 
Write-Enable 
times 
should 
be measured 
relative 
to the Chip-Enable 
waveform. 


6. 
Not 
100% tested. 


\\\\\ 


Must Be 
Steady 


May 
Change 
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H to L 


May 
Change 
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Will Be 
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from 
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OV 
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Address 
Selection 
Enabled 
Valid 


Figure 6. AC Waveforms 
for Read Operations 


12.0 Volt, Bulk Erase Flash Memories 


Addressel 


I 


5.0V 
Voc 
OV 


VPPH 
Vpp 
VPPL 
_ 


Program Command 
Latch Address & 
Data 


5.0 V 
Vcc 
OV 


VPPH 
Vpp 
VPPL 
_ 


Device 
Under 
Test 


Diodes = IN3064 
or Equivalent 


SWITCHING TEST WAVEFORMS 


2.~V 


2.0 V 
2.0 V 
> 
Test Points < 


0.8 V 
0.8 V 


3 V ---- 
----------v- 


o V 
,.,)(,1.5-- 
Test Points 
--1.5~ 


Input 
Output 


All Devices Except Am28F512-75 and Am28F512-95 


AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 Vfor a logic "0". Input pulse 
rise and fall times are < 10 ns. 


AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and 0 V for a logic "0". Input pulse rise 
and fall times are < 10 ns. 


Limits 


Parameter 
Max 
Unit 
Comments 


Min 
Typ 
(Note 3) 


Chip Erase Time 
1 
10 
S 
Excludes 
OOH programming 
(Note 
1) 
{Note 2) 
prior to erasure 


Chip Programming 
Time 
1 
6 
S 
Excludes 
system-level 
overhead 
(Note 
1) 


Write/Erase 
Cycles 
10,000 
Cycles 


Notes: 


1. 
25"C, 
12 V Vpp 


2. 
The FlasheraselFlashrite 
algorithms 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the FlasheraselFlashrite 
pulse 
count 
(Flash erase = 1000 max and Flashrite 
= 25 max). 
Typical 
worst case for program 
and erase 
operations 
is significantly 
less than the actual 
device 
limit. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
1/0 pins 


(Including 
A9 and Vpp) 
-1.0V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc 
+ 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


DATA SHEET REVISION SUMMARY FOR 
Am28F512 


Dala sheet is Final now, and not Preliminary. 


Product 
Selector 
Guide 


Added -75 ns speed grade at 5% Vcc Tolerance. 


Ordering 
Information 
- Standard 
Products 


Added -75 ns speed grade to the Valid Combinations 
ta- 
ble. Removed 
DC package 
from 
Am28F512-75, 
-90, 
and -95. Removed 
DC, DI, DE and DEB packages from 
Am28F512 
from -120, -150, and -200. Removed 
Pack- 
age Type D. 


Ordering 
Information 
- APL Products 


This page was removed. 


Erase, 
Program 
and Read Mode - Write 
Operations 


Removed 
Command 
Register Table and Bit 
aSiignments. 


Erase, 
Program 
and Read Mode - Read Command 


The statement 
requiring 
a 6 Jls wait before accessing 


the first addressed 
location was removed. 


Table 3 - Am28F512 
Command 
Definitions 


The note describing 
a 6 JlS wail before accessing 
the 


first addressed 
location was removed. 


Flasherase 
Erase Sequence 
- Erase Verify 
Command 


The address latched also depends on the falling edge of 
CE! whichever 
happens 
later. 


Flasherase 
Erase Sequence 
- Verify 
Next Address 


The new address 
latched 
also depends 
on the falling 
edge of CEo whichever 
happens 
later. 


Auto 
Select 
Command 


Programming 
In-System 


Titles for each section were switched. 


Programming 
In-System 


It is necessary to write a valid command, 
such as Reset, 


into the register. 


DC Characteristics 
- TTUNMOS 
Compatible 


Added 
Note 
4. Those 
characteristics 
are not 
100% 
tested. 


DC Characteristics 
- CMOS Compatible 


Added 
Note 
4. Those 
characteristics 
are 
nol 
100% 
tested. 


AC Characteristics 
- Read Only 
Operation 
(Notes 
1 and 2) 


Added -75 timings. 
Added Am28F512-75 
to Note 2. 


AC Characteristics 
- Write/Erase/Program 
Operations 
(Notes 
1-5) 


Added Am28F512-75 
to Notes 2 and 3. 


Switching 
Test Waveforms 


For Test Point figures also apply to Am28F512-75. 


- 
Am28F512A 
512 Kilobit (65,536 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory with Embedded Algorithms 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
High performance 


- 
70 ns maximum 
access time 


• 
CMOS low power 
consumption 


- 
30 mA maximum 
active current 


- 
100 IJ.Amaximum 
standby current 


- 
No data retention 
power consumption 


• 
Compatible 
with JEDEC-standard 
byte-wide 


32-Pin 
EPROM pinouts 


- 
32-pin OIP 


- 
32-pin PLCC 


- 
32-pin TSOP 


- 
32-pin LCC 


• 
100,000 write/erase 
cycles 
minimum 


• 
Write 
and erase voltage 
12.0 V ±5% 


• 
Latch-up 
protected 
to 100 mA from 
-1 V 


to Vcc+1 V 


• 
Embedded 
Erase 
Electrical 
Bulk Chip-Erase 


- 
Two seconds typical chip-erase 
including 


pre-programming 


• 
Embedded 
Program 


- 
141ls typical byte-program 
including 
time-out 


- 
One second typical chip program 


• 
Command 
register 
architecture 
for 


microprocessor/microcontroller 
compatible 


write 
interface 


• 
On-chip 
address 
and data latches 


• 
Advanced 
CMOS flash 
memory 
technology 


- 
Low cost single transistor 
memory cell 


• 
Embedded 
algorithms 
for completely 


self-timed 
write/erase 
operations 


GENERAL DESCRIPTION 


The Am28F512A 
is a 512K bit Flash memory organized 


as 64K bytes of8 bits each. AMO's Flash memories offer 
the most cost-effective 
and reliable readlwrite 
non- vola· 
tile random access memory. 
The Am28F512A 
is pack- 
aged in 32-pin 
POIP, PLCC, and TSOP versions. 
The 
device is also offered in the ceramic LCC package. 
It is 


designed 
to be reprogrammed 
and erased in-system or 


in standard 
EPROM programmers. 
The Am28F512A 
is 


erased when shipped from the factory. 


The standard 
Am28F512A 
offers access times as fast 
as 70 ns, allowing operation 
of high-speed 
microproces- 
sors without 
wait states. To eliminate 
bus contention, 
the Am28F512A 
has separate chip enable (GE) and out- 
put enable (OE) controls. 


AMO's Flash memories 
augment 
EPROM functionality 


with in-circuit 
electrical 
erasure 
and programming. 
The 


Am28F512A 
uses a command 
register to manage this 


functionality, 
while 
maintaining 
a JEOEC 
Flash stan- 
dard 32-pin 
pinout. 
The command 
register 
allows for 


100% TTL level control 
inputs and fixed power supply 


levels during erase and programming. 


AMO's 
Flash technology 
reliably 
stores 
memory 
con- 


tents even after 100,000 erase and program cycles. The 
AMO cell is designed 
to optimize 
the erase 
and pro- 


gramming 
mechanisms. 
In addition, the combination 
of 


advanced 
tunnel 
oxide 
processing 
and 
low 
internal 


electric 
fields for erase 
and programming 
operations 


produces 
reliable 
cycling. 
The 
Am28F512A 
uses 
a 


12.0 V ± 5% Vpp 
supply to perform 
the erase and pro- 


gramming 
functions. 


The highest degree 
of latch-up 
protection 
is achieved 


with AMO's proprietary 
non-epi process. 
Latch-up 
pro- 


tection is provided 
for stresses 
up to 100 milliamps 
on 


address 
and data pins from -1 V to Vcc +1 V. 


Embedded 
Program 


The Am28F512A 
is byte programmable 
using the Em- 


bedded 
Programming 
algorithm. 
The Embedded 
Pro- 


gramming 
algorithm 
does 
not require 
the 
system 
to 


time-out 
or verify 
the data 
programmed. 
The typical 


room 
temperature 
programming 
time 
of 
the 


Am28F512A 
is one second. 


Publicalion# 18880 
Rev. A 
AmendmentlO 


Issue Date: March 1994 


This document 
contains 
information 
on a product 
under 
development 
at Advanced 
Micro Devices, 
Inc. The information 
is 


intended 
10 help you 10 evaluate 
this product. 
AMO reserves 
the righllo 
change 
or discontinue 
work 
on this proposed 


product 
w~hout 
notice. 


GENERAL DESCRIPTION 


E~bedded 
Erase 


Thr entire 
chip 
is bulk 
erased 
using 
the 
Embedded 


ErC\se algorithm. 
The Embedded 
Erase algorithm 
auto- 


malically 
programs 
the entire 
array 
prior to electrical 


erase. The timing and verification 
of electrical erase are 


controlled 
internal to the device. Typical erasure at room 


temperature 
is accomplished 
in one second. 


A~D's 
Am28F512A 
is entirely pin and software compat- 


ibll 
with 
AMD 
Am28F020A, 
Am28F010A, 
and 


Am28F256A 
Flash memories. 


EJbedded 
Programming 
Algorithm 
vs. 
FI,shrite 
Programming 
Algorithm 


The Flashrite 
Programming 
algorithm 
requires the user 


to 'f'rite a program 
set-up command, 
a program 
com- 


marnd (program data and address), and a program verify 
corpmand 
followed 
by a read and compare 
operation. 


Th~ user 
is required 
to time the programming 
pulse 


wi9th in order to issue the program verify command. 
An 


intjgrated 
stop timer prevents 
any possibility 
of over- 


programming. 
Upon completion 
of this sequence 
the 


datia is read back from the device and compared 
by the 


uslr with the data intended to be written; if there is not a 
match, the sequence 
is repeated until there is a match or 


th~1sequence 
has been repeated 
25 times. 


A~D'S 
Embedded 
Programming 
algorithm 
requires the 


uslrto only write a program set-up command 
and a pro- 


gr~m command 
(program 
data and address). 
The de- 


vice automatically 
times the programming 
pulse width, 


provides 
the program 
verify and counts the number of 


sequences. 
A status 
bit, Data Polling, 
provides 
feed- 


baC;k to the user as to the status of the programming 
operation. 


Embedded 
Erase Algorithm 
vs. Flasherase 
Erase 


Algorithm 


The Flasherase 
Erase algorithm 
requires the device to 


be completely 
programmed 
prior to executing 
an erase 


command. 
To invoke the erase operation the userwrites 


an erase set-up command, 
an erase command, 
and an 


erase verify command. 
The user is required to time the 


erase pulse width in order to issue the erase verify com- 
mand. An integrated 
stop timer prevents 
any possibility 


of overerasure. 
Upon completion 
of this sequence 
the 


data is read back from the device and compared 
by the 


user with 
erased 
data. 
If there 
is not 
a match, 
the 


sequence 
is repeated 
until 
there 
is a match 
or the 


sequence 
has been repeated 
1,000 times. 


AMD's Embedded 
Erase algorithm 
requires the user to 


only write an erase set-up command 
and erase com- 


mand. The device 
will automatically 
pre-program 
and 


verify the entire array. 
Then the device 
automatically 


times the erase pulse width, provides 
the erase verify 


and counts the number of sequences. 
A status bit, Data 


Polling, provides feedback 
to the user as to the status of 


the erase operation. 


Commands 
are written to the command 
register 
using 


standard 
microprocessor 
write timings. 
Register 
con- 
tents serve as inputs to an internal state-machine 
which 


controls 
the erase 
and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 
dress and data needed for the programming 
and erase 


operations. 
For 
system 
design 
simplification, 
the 


Am28F512A 
is designed 
to support 
either 
WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 
dresses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 


of WE or CE whichever 
occurs first. To simplify the fol- 


lowing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM 
experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F512A 
electrically 
erases all bits simultaneously 


using Fowler-Nordheim 
tunneling. 
The bytes are pro- 


grammed one byte at a time using the EPROM program- 
ming mechanism 
of hot electron 
injection. 


L 


524.288 


Bit 


Cell Matrix 


Vcc 
- 


Vss 
- 


Vpp 


Command 
Register 
Chip 
Enable 
Output 
Enable 
Logic 


Family 
Part No. 
Am28F512A 


Ordering 
Part No: 


±10% 
Vcc Tolerance 
-90 
-120 
-150 
·200 


±5% 
Vcc Tolerance 
-75 
-95 


Max Access 
Time 
(ns) 
70 
90 
120 
150 
200 


CE (E) Access 
(ns) 
70 
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200 


OE (G) Access 
(ns) 
35 
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55 


Vpp 
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A15 
NC 


A12 
A14 
A7 
A13 


A6 
A8 


A5 
A9 


A4 
A11 


A3 
OE(G) 
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Note: 
Pin 1 is marked 
for orientation. 
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available 
in LCC. 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 
DOO 


PLCC· 


I~ 
N 
l/) 
() 
8: g I~() 
< < z » 
z 


4 
3 
2 
1 32 31 30 


5 
• 
A14 
29 
6 
28 
A13 


7 
27 
A8 


8 
26 
A9 


9 
25 
A11 


10 
24 
OE(G) 


11 
23 
A10 


12 
22 
CE(E) 


13 
21 
D07 


14 15 16 17 18 19 20 


~ 
N 
<fl 
C') 
.;- 
l/) '" 
00 ';:0000 
00 
o 0 0 0 


18880A-3 


~AMD 
PRELIMINARY 


CONNECTION DIAGRAMS 
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28F512A 
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28F512A 
Reverse 
Pinout 
18880A-4 


28F512A 
64K x 8 Flash Memory 
in 32·Lead 
TSOP 


LOGIC SYMBOL 


CE(E) 


DE (G) 


WE(W) 


ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: 


C 
BL 


OPTIONAL 
PROCESSING 
Blank 
= 
Standard Processing 


B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C = Commercial (O°Cto +70°C) 
I 
= Industrial (-40°C to +85°C) 


E = Extended (-55°C to +125°C) 


PACKAGE 
TYPE 
P = 32-Pin Plastic DIP (PD 032) 
J 
= 32-Pin Rectangular Plastic Leaded 


Chip Carrier (PL 032) 
E = 32-Pin TSOP Standard Pinout (TS 032) 
F = 32-Pin TSOP Reverse Pinout (TSR 032) 
L 
= 32-Pin Rectangular Leadless Chip 


Carrier (CLR 032) 


SPEED 
See Product Selector Guide and 
Valid Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F512A 
512Kbit (64K x 8-Bit) CMOS Flash Memory with Embedded Algorithms 


Valid Combinations 


AM28F512A-75 


AM28F512A-90 
PC, JC, EC, FC, LC 
AM28F512A-95 


AM28F512A-120 
PC, PI, JC, JI, PE, 


AM28F512A-150 
PEB, JE, JEB, EC, 


AM28F512A-200 
FC, EI, FI, EE, FE, 
EEB, FEB, LC, L1, 
LE, LEB 


Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 


PIN DESCRIPTION 
Ao-A15 
Address 
Inputs for memory 
locations. 
Internal 
latches 


hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active 
low input activates 
the chip's 


control 
logic and input buffers. 
Chip Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DOo-007 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 


nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 
Power supply for erase and programming. 
Vpp must be 


at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 


alter the memory array contents. 
Memory contents can- 


not be altered when Vpp ~ Vcc +2 V. 


Vss 
Ground 


WE(W) 
The Write 
Enable 
active 
low input 
controls 
the write 


function of the command 
register to the memory 
array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


BASIC PRINCIPLES 


The Am28F512A 
uses 100% TTL-Ievel control inputs to 
manage the command 
register. 
Erase and reprogram- 
mi[1g operations 
use a fixed 12.0 V ± 5% power supply. 


R1ad Only Memory 


Without high Vpp voltage, the Am28F512A 
functions 
as 
a read 
only 
memory 
and 
operates 
like 
a standard 
EPROM. 
The 
control 
inputs 
still 
manage 
traditional 
read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 
addition, 
two-cycle 
commands 
are required 
for erase 
and reprogramming 
operations. 
The traditional 
read, 
standby, 
output 
disable, 
and Auto 
select 
modes 
are 
available 
via the register. 


The Am28F512A's 
command 
register 
is written 
using 
standard 
microprocessor 
write 
timings. 
The 
register 
controls 
an internal state machine that manages 
all de- 
vice operations. 
For system 
design 
simplification, 
the 
Am28F512A 
is designed 
to support 
either WE or CE 
controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 
dresses 
are latched 
on the falling 
edge of WE or CE 
whichever 
occurs last. Data is latched on the rising edge 
of WE or CE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 
control pin throughout 
the rest of this text. All setup and 
hold times are with respect to the WE signal. 


O~erView of Erase/Program Operations 


Embedded 
Erase Algorithm 


AMD now makes erasure extremely 
simple and reliable. 
The Embedded 
Erase 
algorithm 
requires 
the user to 
only write an erase set-up command 
and erase com- 
mand. The device 
will automatically 
pre-program 
and 


verify the entire array. The device 
automatically 
times 


the erase 
pulse 
width, 
provides 
the erase 
verify 
and 


counts the number of sequences. 
A status bit, Data Poll- 


ing, provides feedback 
to the user as to the status of the 
erase operation. 


Embedded 
Programming 
Algorithm 


AMD now makes 
programming 
extremely 
simple 
and 


reliable. 
The 
Embedded 
Programming 
algorithm 


requires 
the 
user 
to 
only 
write 
a 
program 
set-up 
command 
and a program 
command. 
The device 
auto- 
matically 
times the programming 
pulse width, provides 
the 
program 
verify 
and 
counts 
the 
number 
of 
se- 


quences. 
A status bit, Data Polling, provides 
feedback 
to 
the 
user 
as 
to 
the 
status 
of 
the 
programming 
operation. 


Data Protection 


The Am28F512A 
is designed 
to offer protection 
against 


accidental erasure or programming, 
caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F512A 
powers up in its read only state. 


Also, with its control 
register 
architecture, 
alteration 
of 
the memory contents 
only occurs after successful 
com- 
pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 
prevent 
inadvertent 
write 
cycles 
resulting 
from 
Vcc 
power-up 
and power-down 
transitions 
or system noise. 


low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
cir- 


cuits 
are disabled. 
The device 
will 
reset to the 
read 
mode. Subsequent 
writes will be ignored 
until the Vcc 


level is greater than VLKO.It is the users responsibility 
to 
ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 
. 


logical 
Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = V,H or WE = V,H. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = V,Land OE = V IH 
will not accept commands 
on the rising edge of WE. The 
internal state machine is automatically 
reset to the read 
mode on power-up. 


FUNCTIONAL DESCRIPTION 


Description of User Modes 


Operation 
Vpp 
CE(E) 
O"E(G) 
WE(W) 
(Note 
1) . 
AD 
A9 
I/O 


Read 
VIL 
VIL 
X 
VPPL 
AD 
A9 
Dour 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output 
Disable 
VIL 
VIH 
VIH 
VPPL 
X 
X 
HIGHZ 
Read-Only 
Auto-Select 
Manufacturer 
VIL 
VIL 
VIH 
VpPL 
VIL 
VID 
CODE 
Code 
(Note 2) 
(Note 3) 
(D1H) 


Auto-Select 
Device 
Code 
VIL 
VIL 
VIH 
VPPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(AEH) 


Read 
VIL 
VIL 
VIH 
VpPH 
AD 
A9 
Dour 
(Note 4) 


Standby 
(Note 5) 
VIH 
X 
X 
VpPH 
X 
X 
HIGHZ 
ReadIWrite 
Output 
Disable 
VIL 
VIH 
VIH 
VPPH 
X 
X 
HIGHZ 


Write 
VIL 
VIH 
VIL 
VPPH 
AD 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
VIL or VIH levels, 
VPPL= Vpp ~ Vee + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH, 0 V < An < Vee + 2 V, (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


I. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or ~ Vee +2.0 
V. VPPH is the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer to Table 2. 


3. 
11.5~VID~13.0 
V 


4. 
Read 
operation 
with Vpp = VPPH may access 
array data or the Auto select 
codes. 


5. 
With Vpp at high voltage, 
the standby 
current 
is Ice + Ipp (standby). 


6. 
Refer to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
VIL or VIH levels. 
In the Auto select 
mode 
all 


addresses 
except 
A9 and AO must be held at VIL. 


R,EAD ONLY MODE 


Vpp < Vcc + 2 V 
Command Register Inactive 


Read 


The Am28F512A 
functions as a read only memory when 


Vpp < Vcc + 2 V. The Am28F512A 
has two control func- 


tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific 
device 
selection. 
OE controls 
the device 
out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tACCis equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 


cess time teE is the delay from stable 
addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming 
the addresses 
have been stable at least tACC- tOE). 


Standby 
Mode 


The Am28F512A 
has two standby 
modes. The CMOS 


standby mode (CE input held at Vcc ± 0.5 V), consumes 
less than 100 ~ 
of current. TTL standby 
mode (CE is 


held at VIH) reduces 
the current 
requirements 
to less 


than 1 mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 
ming, or program/erase 
verification, 
the device will draw 


active current until the operation 
is terminated. 


O~tPut 
Disable 
_ 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 


pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify 
its manufacturer 


and type. This mode is intendedforthe 
purpose of auto- 


matically matching the device to be programmed 
with its 


corresponding 
programming 
algorithm. 
This 
mode 
is 


functional 
over 
the 
entire 
temperature 
range 
of the 


device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VIO (11.5 V to 13.0 V) on address 
A9. Two 


identifier bytes may then be sequenced 
from the device 


outputs by toggling address AO from VILto VIH. All other 


address lines must be held at VIL, and Vpp must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = VIL) represents 
the manufacturer 
code and byte 1 (AO = VIH)the device identifier code. For 
the Am28F512A 
these two bytes are given in the table 


below. All identifiers for manufacturer 
and device codes 


will exhibit odd parity with the MSB (007) defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and READ 
MODE 
section 
for program- 


ming the Flash memory device 
in-system). 


Code 


T~pe 
AO 
(HEX) 
007 
006 
DOS 
004 
003 
002 
001 
000 


Manufacturer Code 
VIL 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device Code 
VIH 
AE 
1 
0 
1 
0 
1 
1 
1 
0 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command 
Register 
Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 
activate the command 
register. Data written to the regis- 
ter serves as input to the internal 
state machine. 
The 
output of the state machine determines 
the operational 
function 
of the device. 


The command 
register does not occupy an addressable 
memory 
location. 
The register is a latch that stores the 
command, 
along with the address and data information 
needed to execute the command. 
The register is written 
by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 
dresses 
are latched 
on the falling 
edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings 
are used. 


The device requires the OE pin to be VIH for write opera- 
tions. 
This condition 
eliminates 
the possibility 
for bus 
contention 
during programming 
operations. 
In order to 
write, OE must be VIH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 
not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 
gramming 
Waveforms 
for specific timing par~meters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to DDH 
(Read Mode) in the absence 
of high voltage 
applied to 
the Vpp pin. The device operates 
as a read only mem- 
ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 
cific data codes 
into the command 
register. 
Table 
3 
defines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com· 
mand when 
Vpp is high. To read from the device, write 
DOH into the command 
register. Standard 
microproces- 
sor read cycles 
access 
data from 
the 
memory. 
The 
device will remain in the read mode until the command 
register contents 
are altered. 


The command 
register 
defaults 
to DOH (read 
mode) 
upon Vpp power-up. 
The OOH(Read Mode) register de- 
fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 
memory contents 
does not occur during the Vpp power 
transition. 
Refer to the AC Read Characteristics 
and 
Waveforms 
for the specific timing parameters. 


First 
Bus Cycle 
Second 
Bus 
C cle 


Operation 
Address 
Data 
Operation 
Address 
Data 
Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read 
Memory 
(Note 4) 
Write 
X 
OOH/FFH 
Read 
RA 
RD 


Read Auto select 
Write 
X 
SOH or 90H 
Read 
OOH/01H 
01H/AEH 


Embedded 
Erase 
Set-upl 
Write 
X 
30H 
Write 
X 
30H 
Embedded 
Erase 


Embedded 
Program 
Set-upl 
Write 
X 
10H or SOH 
Write 
PA 
PD 
Embedded 
Program 


Reset 
(Note 4) 
Write 
X 
FFH 
Write 
X 
FFH 


Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 
PA = Address 
of the memory 
location 
to be programmed. 


Addresses 
are latched 
on the falling 
edge of the WE pulse. 
X = Don't 
care. 


3. 
RD = Data read from location 
RA during 
read operation. 
PO = Data to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


4. 
Please 
reference 
Reset 
Command 
section. 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD's Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic 
chip erase does not require the device to 


be entirely pre-programmed 
prior to executing 
the Em- 


bedded 
set-up erase command 
and Embedded 
erase 


command. 
Upon executing 
the Embedded 
erase com- 
mand the device 
automatically 
will program 
and verify 


the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically 
verified to contain an 


all zero pattern, a self-timed 
chip erase and verify begin. 


The erase and verify operation 
are complete 
when the 


datGlon DO? is "1" (see Write Operation 
Status section) 
at which time the device returns to Read mode. The sys- 
tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded 
Erase algorithm, 
the erase 


automatically 
terminates 
when adequate 
erase margin 


has been achieved for the memory array (no erase ver- 
ify command 
is required). The margin voltages are inter- 


nally 
generated 
in the 
same 
manner 
as when 
the 


standard 
erase verify command 
is used. 


The Embedded 
Erase Set-Up command 
is a command 


only operation that stages the device for automatic 
elec- 


trical erasure of all bytes in the array. Embedded 
Erase 


Set-Up 
is performed 
by writing 
30H to the command 


register. 


To commence 
automatic 
chip erase, the command 
30H 


must be written 
again to the command 
register. 
The 


automatic erase begins on the rising edge of the WE and 
terminates 
when the data on DO? is "1" (see Write Op- 


eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded 
Erase al- 


gorithm, 
a typical command 
string and bus operation. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp to VPPH(1) 


Write 
Embedded Erase 
Data z30H 
Set-Up Command 


Write 
Embedded Erase 
Data =30H 
Command 


Read 
Data Polling to Verify Erasure 


Standby 
Compare Output to FFH 


Read 
Available for Read Operations 


Note: 
1. See DC Characteristics 
for value of VPPL. The Vpppower 
supply 
can be hard-wired 
to the device 
or switchable. 
When Vpp is 


switched. 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground. 
or less than 
Vcc + 2.0 
V. Refer 
to Functional 
Description. 


Embedded Programming Algorithm 


The Embedded 
Program Set-Up is a command 
only op- 


eration that stages the device 
for automatic 
program- 


ming. 
Embedded 
Program 
Set-Up 
is per10rmed 
by 


writing 
1OH or 50H to the command 
register. 


Once the Embedded 
Set-Up Program operation 
is per- 


formed, the next WE pulse causes a transition 
to an ac- 


tive programming 
operation. 
Addresses 
are latched on 


the falling edge of CE or WE pulse, whichever 
happens 


later. Data is latched on the rising edge of WE or CE, 
whichever 
happens 
first. The rising edge of WE also 


begins the programming 
operation. 
The system 
is not 


required to provide further controls 
or timings. 
The de- 


vice will automatically 
provide 
an adequate 
intemally 


generated 
program 
pulse and verify margin. The auto- 


matic programming 
operation 
is completed 
when the 


data on DO? is equivalent 
to data written to this bit (see 


Write Operation 
Status section) at which time the device 


returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded 
Program 


algorithm, 
a typical command 
string, and bus operation. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp to VPPH(1) 


Write 
Embedded Program 
Data = 1OH or SOH 
Set-Up Command 


Write 
Embedded Program 
Valid Address/Data 
Command 


Read 
Data Polling to Verify Completion 


Read 
Available for Read Operations 


Note: 


1. 
See DC Characteristics 
for value of VPPH. The Vpppower 
supply can be hard-wired 
to the device 
or switchable. 
When 
Vpp is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, 
or less than Vcc + 2.0 V. Refer to Functional 
Descrip- 
tion. Device 
is either powered-down, 
erase inhibit 
or program 
inhibit. 


Wrlte Operation Status 


Data Polling-D07 


Th~Am28F512A 
features 
Data Polling as a method to 


indi ate to the host system 
that the Embedded 
algo- 


rith 
s are either in progress 
or completed. 


While the Embedded 
Programming 
algorithm 
is in op- 


eration, an attempt to read the device at a valid address 
will produce the complement 
of expected 
Valid data on 


007. 
Upon completion 
of the Embedded 
Program algo- 


rithm an attempt to read the device at a valid address will 
produce Valid data on 007. 
The Data Polling feature is 


valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 


While the Embedded 
Erase algorithm 
is in operation, 


007 
will read "0" until the erase operation 
is completed. 


Upon completion 
of the erase operation, 
the data on 


007 
will read "1." The Data Polling feature is valid after 


the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming 
or erase algorithms. 


See Figures 7a and 8a forthe 
Data Polling timing speci- 


fications 
and diagrams. 
Data 
Polling 
is the standard 


method to check the write operation 
status, however, an 


alternative 
method is available 
using Toggle 
Bit. 


Read Byte 
(000-007) 
Addr=VA 


VA = Byte address lor programming 


• XXXXH during chip erase 


Read Byte 
(000-007) 


Addr=VA 


Note: 


1. 
007 
is rechecked even if 005=",. 
because 007 
may change simultaneously 
with 005 
or after 005. 


Toggle Blt-D06 


The 
Am28F512A 
also 
features 
a "Toggle 
Bit" as a 


method to indicate to the host system that the Embed- 
ded algorithms 
are either in progress 
or completed. 


Successive 
attempts 
to read data from the device at a 


valid address, 
while the Embedded 
Program algorithm 


is in progress, 
or at any address 
while the Embedded 


Erase algorithm 
is in progress, 
will result in D06 
tog- 


gling between 
one and zero. Once the Embedded 
Pro- 


gram or Erase algorithm 
is completed, 
D06 
will stop 


toggling to indicate the completion 
of either Embedded 


operation. 
Only on the next read cycle will valid data be 


obtained. 
The toggle bit is valid after the rising edge of 


the first WE pulse of the two write pulse sequence, 
un- 


like Data Polling which is valid afterthe 
rising edge of the 


second WE pulse. This feature allows the userto 
deter- 


mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 


Read Byte 
(DaD-DOl) 
Addr=VA 


Read Byte 
(000-007) 


Addr=VA 


VA = Byte address for programming 
= XXXXH during chip erase 


Note: 


1. 
006 
is rechecked 
even if 005="1" 
because 
006 
may stop toggling at the same time as 005 
changing 
to "1". 


DOD-D06 )>------- ... 
(... 
~....« DOD-D06=lnvalid 


Note: 


'007= 
Valid Data (The device 
has completed 
the Embedded 
operation). 


DOS 
Exceeded 
Timing 
Limits 


DO$ will indicate 
if the program 
or erase time has ex- 
ceeded 
the specified 
limits. This is a failure 
condition 
and the device 
may not be used again (internal 
pulse 
court 
exceeded). 
Under these conditions 
D05 will pro- 
duce 
a "1." 
The 
program 
or 
erase 
cycle 
was 
not 


successfully 
completed. 
Data Polling is the only 'operat- 
ing function 
of the device under this condition. 
The CE 
circuit will partially 
power down the device under these 
conditions 
(to approximately 
2 mAl. 
The OE and WE 
pins 
will 
control 
the 
output 
disable 
functions 
as 
described 
in Table 1. 


CE f\ ------------------------------- 


Note: 


"DQ6 stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 


parf."el 
Device 
Erasure 


The Embedded 
Erase algorithm greatly simplifies paral- 
lel device erasure. Since the erase process is internal to 
the device, 
a single 
erase command 
can be given to 
mulliple devices concurrently. 
By implementing 
a paral- 
lel e(ase algonthm, 
total erase time may be minimized. 


Not~ that the Flash memories 
may erase at different 
ratef. 
If this is the case, when a device 
is completely 
era1ed, use a masking code to prevent further erasure 
(ov~lr-er~~ure). The other devices will continue to erase 
until venfled. 
The masking 
code applied 
could be the 
read command 
(OOH). 


Po~er-Up 
Sequence 


The Am28F512A 
powers-up 
in the Read only mode. 
Power supply sequencing 
is not required. 


Reset Command 


ThejReset 
command 
initializes 
the Flash memory de- 
vice to the Read mode. In addition, 
it also provides the 
use 
with a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset must be written two consecutive 
times after 
the Set-up 
Program 
command 
(10H or 50H). This will 
reset the device to the Read mode. 


Following 
any other 
Flash command, 
write the Reset 
command 
once to the device. This will safely abort any 
previous operation 
and initialize the device to the Read 
mode. 


The Set-up Program command 
(10H or 50H) is the only 
command 
that 
requires 
a two-sequence 
reset cycle. 


The first 
Reset 
command 
is interpreted 
as program 
data. However, 
FFH data is considered 
as null data dur- 
ing programming 
operations 
(memory cells are only pro- 
grammed 
from a logical "1" to "0"). The second 
Reset 
command 
safely aborts the programming 
operation 
and 
resets the device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 
prove easier to always 
issue the Reset command 
two 
consecutive 
times. This eliminates 
the need to deter- 
mine if you are in the Set-up Program 
state or not. 


~ 
AMD 


In-System 
Programming 
Considerations 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the circuit board. 


Auto Select Command 


AMD's Flash memories 
are designed for use in applica- 
tions where the local CPU alters memory contents. 
In or- 
derto correctly program any Flash memories in-system, 
manufacturer 
and device 
codes 
must 
be accessible 


while the device 
resides 
in the target 
system. 
PROM 


programmers 
typically 
access 
the signatu.re c~des. by 


raising A9 to a high voltage. However, 
multipleXing ~Igh 


voltage 
onto address 
lines is not a generally 
desired 


system design practice. 


The Am28F512A 
contains 
an Auto Select operation 
to 


supplementlraditional 
PROM programming 
methodolo- 


gies. The operation 
is initiated by writing 80H or90H 
into 


the command 
register. Following this command, 
a read 


cycle address OOOOHretrieves the manufacturer 
code of 


01 H (AM D). A read cycle from address 
0001 H returns 


the device code AE (see Table 2). To terminate 
the op- 


eration, it is necessary 
to write another valid command, 


such as Reset (FFH), into the register. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to +150°C 
Plastic Packages 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
.. . . . . . . . . .. 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp 
(Note 1) 
-2.0 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to +14.0 V 


Vpp (Note 2) . . . . . . . . . . . . . . . . .. 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions, 
inputs may overshoot 
Vss to -2.0 Vfor 


e,eriods of up to 20 ns. Maximum 
DC voltage on output and 


I/O pins is Vcc + 0.5 V. During 
voltage 
transitions, 
outputs 


may overshoot 
to Vcc + 2.0 
V for periods 
up to 20 ns. 


2. 
~inimum 
DC input voltage 
on A9 and 
Vpp pins is -0.5 V. 


puring 
voltage 
transitions, 
A9 and Vpp may overshoot 
Vss 


to -2.0 V for periods 
of up to 20 ns. Maximum 
DC input 


voltage 
on A9 and Vpp is + 13.5 V which may overshoot 
to 


14.0 V for periods 
up to 20 ns. 


3. 
No more than one output shorted 
at a time. Duration 
of the 


short circuit 
should 
not be greater 
than one second 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat· 
ings" may cause 
permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; functional 
operation 
of the device 
at these 


or any other 
conditions 
above 
those 
indicated 
in the opera· 


tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex· 


tended 
periods 
may affect 
device 
reliability; 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
.....•... 
-55°C 
to +125°C 


VccSupply 
Voltages 
Vee for Am28F512A·X5 
+4.75 V to +5.25 V 


Vec for Am28F512A-XXO 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program, 
Erase, and Verify 
+11.4 V to +12.6 V 


Operating 
ranges 
define 
those 
limits between 
which 
the fun- 


tionality 
of the device 
is guaranteed. 


~ 
AMD 


MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 
20 ns 


~ 
.. 
~ 


Vcc + 0.5 V 


2.0 V 


20 ns 


~I' 
'Nxxxxxx 


20 ns 


xxiij?J 
'Nxxxxxx 


DC CHARACTERISTICS 
over operating 
range unless otherwise 
specified 
(Notes 1-4) 


DC CHARACTERISTICS-TTUNMOS 
COMPATIBLE 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


ill 
Input Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
!JA 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
!JA 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
0.2 
1.0 
mA 


CE = VIH 


ICCl 
Vcc Active 
Read Current 
Vcc = Vcc Max, CE = VIL,OE 
= VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


ICC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
±1.0 
!JA 


IIPPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 


Vpp = VPPL 
±1.0 
~A 


IpP2 
Vpp Programming 
Current 
Vpp = VpPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


I'PP3 
Vpp Erase Current 
Vpp = VpPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc = Vcc Min 


VOHl 
Output 
High Voltage 
IOH=-2.5 
mA 
2.4 
V 


Vcc= 
Vcc Min 


VID 
A9 Auto Select 
Voltage 
A9= 
VID 
11.5 
13.0 
V 


I liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
!JA 


Vcc = Vcc Max 


IVPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


jVPPH 
Vpp during 
ReadfWrite 
11.4 
12.6 
V 


Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 
N°fes: 


1. 
Caution: 
the Am28F512A 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
leet 
is tested 
with OE = VIH to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Ice and Ipp. 


4. 
Not 
100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
IlA 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
IlA 


VOUT = Vcc or Vss 


Ices 
Vcc Standby 
Current 
Vcc = Vcc Max 
15 
100 
IlA 


CE = Vcc+ 
0.5 V 


Icc1 
Vcc Active 
Read Current 
Vcc = Vcc Max, CE = VIL. OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


ICC3 
Vcc Erase Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
± 1.0 
IlA 


IpP1 
Vpp Read 
Current 
Vpp = VPPH 
70 
200 
IlA 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vcc 
Vec 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOH1 
IOH= -2.5 
mA, Vcc = Vcc Min 
0.85 


Output 
High Voltage 
Vcc 


VOH2 
IOH= -1 00 ~A, Vcc = Vcc Min 
Vcc 
V 


'-0.4 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
IlA 


Vcc= 
Vcc Max 


VpPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vee 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vcc 
Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F512A 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
leet 
is tested 
with OE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Ice and IpP. 


4. 
Not 
100% tested. 
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Figure 9. Am26F512A 
- Average 
Ice Active vs. Frequency 
Vee = 5.5 V, Addressing 
Pattern = Minmax 
Data Pattern = Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Un" 


CIN 
Input Capacitance 
VIN = 0 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25°C, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS 
over operating 
range unless otherwise 
specified 


AC CHARACTERISTICS-Read 
Only Operation 
(Notes 1-4) 


Parameter 
Am28F512A 


Symbols 
- 
·90 
·120 
·150 
-200 
·250 


JEDEC 
Standard 
Parameter 
Description 
·75 
·95 
- 
- 
- 
- 
Un" 


tAVAV 
tRC 
Read 
Cycle 
Time 
Min 
70 
90 
120 
150 
200 
250 
ns 


(Note 4) 
Max 


tELOV 
tCE 
Chip Enable 
Min 
Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tAVOV 
tACC 
Address 
Min 
Access 
Time 
Max 
70 
90 
120 
150 
200 
250 
ns 


tGLOV 
tOE 
Output 
Enable 
Min 
Access 
Time 
Max 
35 
35 
50 
55 
55 
55 
ns 


tELQX 
tLl 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
0 
ns 


Output 
in Low Z (Note 4) 
Max 


tEHQl 
tOF 
Chip Disable 
to 
Min 
Output 
in High Z (Note 3) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tGLQX 
tOLl 
Output 
Enable 
to 
Min 
0 
0 
0 
0 
0 
0 
ns 


Output 
in Low Z (Note 4) 
Max 


tGHQl 
tOF 
Output 
Disable 
to 
Min 
Output 
in High Z (Note 4) 
Max 
20 
20 
30 
35 
35 
35 
ns 


tAXQX 
tOH 
Output 
Hold from first of 
Min 
0 
0 
0 
0 
0 
0 
ns 


Address, 
CE, or OE Change 
Max 


(Note 4) 


tWHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
6 
!is 


Time before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
!is 


Valid 
Read (Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and CL = 100 pF 


Input Rise and Fall Times: ~ 10 ns 
Input Pulse 
levels: 
0.45 to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F512A-75 
and Am28F512A-95 
Output 
Load: 
1 TTL gate 
and CL = 100 pF 


Input Rise and Fall Times: ~ 10 ns 
Input Pulse 
levels: 0 V to 3 V 
Timing Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 


3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


AC CHARACTERISTICS-Write/Erase/ProQram 
Operations 
otes 1- 


Parameter 
Am28F512A 
Symbols 
- 
-90 
-120 
-150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-75 
-95 
- 
- 
- 
- 
Unit 


tAvAV 
twe 
Write Cycle 
Time 
Min 
70 
90 
120 
150 
200 
250 
ns 
(Note 6) 
Max 


tAVWL 
tAS 
Address 
Set-Up 
Time 
Min 
a 
a 
a 
a 
a 
a 
ns 


Max 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
45 
50 
60 
75 
75 
ns 
Max 


tOVWH 
tos 
Data Set-Up 
Time 
Min 
45 
45 
50 
50 
50 
50 
ns 
Max 


tWHOX 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 
only (See Figure 
8) 


tGrWL 
Read 
Recovery 
Time 
Min 
a 
a 
a 
a 
a 
a 
!J.s 
before 
Write 
Max 


tEtWLE 
tesE 
Chip Enable 
Embedded 
Min 
20 
20 
20 
20 
20 
20 
ns 
Algorithm 
Setup 
Time 
Max 


tWHEH 
teH 
Chip Enable 
Min 
a 
a 
a 
a 
a 
a 
ns 
Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
45 
50 
60 
60 
60 
ns 
Max 


tWHwL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tWHWH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
14 
!J.s 
Operation 
(Note 4) 
Max 


tWHWH4 
Embedded 
Erase 
Typ 
5 
5 
5 
5 
5 
5 
s 
Operation 
(Note 5) 
Max 


tVREL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW 
(Note 6) 
Max 


tves 
Vee Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
!J.s 
Chip Enable 
LOW (Note 6) 
Max 


tvPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
500 
ns 


90% VPPL (Note 6) 
Max 


tLKO 
Vee < VLKO 
Min 
100 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 


2. 
All devices 
except Am28F512A-75 
and Am28F512A-95. 
Input Rise and Fall times: 51 0 ns; Input Pulse Levels: 
0.45 V to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F512A-75 
and Am28F512A-95. 
Input Rise and Fall times: 510 
ns; Input Pulse 
Levels: 
0.0 Vto 3.0 
V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 14 J.lSconsists 
of 10 J.lSprogram 
pulse 
and 4 J.ls write recovery 
before 
read. 
This is 
the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 see consists 
of 4 see array pre-programming 
time and one see array 
erase 
time. 
This is a 
typical 
time for one embedded 
erase operation. 


6. 
Not 
100% tested. 


WAVEFORM 
INPUTS 


Must be 
Steady 
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Change 
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Figure 
10. AC Waveforms 
for Read Operations 


Am28F512A 


Embedded 
Embedded 
Erase Set-Up 
Erase 


Note: 


1. 
DOT is the output 
of the complement 
of the data written to the device. 


Embedded 
Embedded 
Program 
Set-Up 
Program 


Notes: 


1. 
DIN is data input to the device. 


2. 
007 
is the output of the complement 
of the data written to the device. 


3. 
Dour 
is the output of the data written to the device. 


AC CHARACTERISTICS-Write/Erase/Program 
Operations (Notes 1- 6) 
Alternate CE Controlled Writes 
. 


Parameter 
Am28F512A 
Symbols 
- 
-90 
-120 
·150 
-200 
·250 
JEDEC Standard Parameter Description 
·75 
-95 
- 
- 
- 
- 
Unit 


lAVAV 
twc 
Write 
Cycle Time 
Min 
70 
90 
120 
150 
200 
250 
ns 


(Note 6) 
Max 


tAVEL 
tAS 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
0 
ns 


Max 


lELAX 
lAH 
Address 
Hold Time 
Min 
45 
45 
50 
60 
75 
75 
ns 
Max 


tDhH 
tDS 
Data Set-Up 
Time 
Min 
45 
45 
50 
50 
50 
50 
ns 


Max 


tEHDX 
tDH 
Data Hold Time 
Min 
10 
10 
10 
10 
lP 
10 
ns 


Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 
only (See Figure 8) 


tGHEL 
Read 
Recovery 
Time 
Min 
0 
0 
0 
0 
0 
0 
~s 
Before 
Write 
Max 


tWLEL 
tws 
WE Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
0 
ns 
by CE 
Max 


tEHWK 
tWH 
WE Hold Time 
Min 
0 
0 
0 
0 
0 
0 
ns 
Max 


tELEH 
tcp 
Write 
Pulse Width 
Min 
65 
65 
70 
80 
80 
80 
ns 
Max 


tEHEL 
tCPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tEHEH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
14 
~s 
Operation 
(Note 4) 
Max 


tEHEH4 
Embedded 
Erase 
Min 
3 
3 
3 
3 
3 
3 
s 
Operation 
(Note 5) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tvcr 
Vcc 
Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
50 
~s 
Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
500 
ns 
90% 
VPPH (Note 6) 
Max 


tVPPF 
Vpp· Fall Time 
Min 
500 
500 
500 
500 
500 
500 
ns 
90% 
VPPL (Note 6) 
Max 


tLKO 
Vcc< 
VLKO 
Min 
100 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
readIWrite 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 
. 


2. 
All devices 
except Am28F512A-75 
and Am28F512A-95. 
Input Rise and Fall times: ~ 10 ns; Input Pulse Levels: 
0.45 Vt02.4 
V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F512A-75 
and Am28F512A-95. 
Input Rise and Fall times: ~ 10 ns; Input Pulse 
Levels: 
0.0 Vt03.0 
V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 
4. 
Embedded 
Program 
Operation 
of 14 J1s consists 
of 10 J1sprogram 
pulse 
and 4 J1Swrite recovery 
before 
read. 
This is 


the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 sec consists 
of 4 sec array pre-programming 
time and one sec array 
erase 
time. 
This is a 


typical 
time for one embedded 
erase 
operation. 
6. 
Not 
100% tested. 


Embedded 
Program 
Set-Up 
Embedded 
Program 


Notes: 


1. 
DIN is data input to the device. 


2. 
DO? is the output 
of the complement 
of the data written to the device. 


3. 
Dour 
is the output 
of the data 
written to the device. 


Figure 13. AC Waveforms 
for Embedded 
Programming 
Operation' 


Using CE Controlled 
Writes 


I~ 


Device 
Under 
Test 


Diodes 
= IN3064 
or Equivalent 


2.0 V 
2.0 V 
>Test Points< 


0.8 V 
0.8 V 


Input 
Output 


:: 
~~~~~~~)(,.5- 
Test Points 
-,.5~ 


Input 
Output 


AC Testing: 
Inputs are driven 
at 2.4 V for a 
logic "'" and 0.45 V for a logic "0". Input pulse 
rise and fall times 
are < , 0 ns. 


AC Testing: 
Inputs 
are driven 
at 3.0 V for a 
logic "," 
and 0 V for a logic "0". Input pulse 
rise 
and fall times 
are < , 0 ns. 


Limits 


Max 


Parameter 
Min 
Typ 
(Note 
3) 
Unit 
Comments 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 
(Note 
1) 
(Note 2) 
prior to erasure 


Chip 
Programming 
Time 
1 
7 
s 
Excludes 
system-level 
overhead 
(Note 
1) 


Write/Erase 
Cycles 
100,000 
Cycles 


Byte Program 
Time 
14 
j.ls 


96 
(Note 4) 
ms 


Notes: 


1. 25°C. 
12 V Vpp 


2. 
The Embedded 
algorithm 
allows 
for 60' second 
erase time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the Embedded 
Algorithm 
internal 
counter 
which allows 
for a maximum 
6000 pulses 
for both program 
and erase operations. 
Typical 
worst case for program 
and erase 


is significantly 
less than the actual 
device 
limit. 


4. 
Typical 
worst case = 84/ls. 
005 = "1" only after a byte takes longer 
than 96 ms to program. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
I/O pins 
(Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc 
+ 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V. one pin at a time. 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Panern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


- 
Am28F010 


1 Megabit (131,072 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory 


~ 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 
• High performance 
• Latch-up 
protected 
to 100 mA 


- 
90 ns maximum 
access time 
from -1 V to Vcc 
+1 V 
• CMOS Low power 
consumption 
• FlasheraseElectrical 
Bulk Chip-Erase 


- 
30 mA maximum 
active current 
- 
One second typical chip-erase 


- 
100 J.LA maximum 
standby current 
• Flashrite 
Programming 


- 
No data retention 
power consumption 
- 
10 lis typical byte-program 
• Compatible 
with JEDEC-standard 
byte-wide 
- 
Two seconds typical chip program 


32-Pin 
EPROM 
pinouts 
• Command 
register 
architecture 
for 


- 
32-pin OIP 
microprocessor/microcontroller 
compatible 


- 
32-pin PLCC 
write 
interface 


- 
32-pin TSOP 
• On-chip 
address 
and data latches 


- 
32-pin LCC 
• Advanced 
CMOS flash 
memory 
technology 
• 10,000 write/erase 
cycles 
minimum 
- 
Low cost single transistor 
memory cell 


• Write 
and erase voltage 
12.0 V ±5% 
• Automatic 
write/erase 
pulse 
stop 
timer 


GENERAL DESCRIPTION 


The Am28F01 0 is a 1 Megabit Flash memory organized 
as 128K bytes of 8 bits each. AMO's 
Flash memories 


offer the most cost-effective 
and reliable readlwrite 
non- 


volatile 
random 
access 
memory. 
The 
Am28F010 
is 


packaged 
in 32-pin 
POIP, PLCC, and TSOP versions. 


Th~ device is also offered in the ceramic 
OIP and LCC 


packages. 
It is designed 
to 
be 
reprogrammed 
and 


erased in-system or in standard 
EPROM programmers. 
The 
Am28F010 
is erased 
when 
shipped 
from 
the 


factory. 


The standard Am28F01 0 offers access times as fast as 
90 ms, allowing 
operation 
of high-speed 
microproces- 


sors without 
wait states. 
To eliminate 
bus contention, 
the Am28F01 0 has separate 
chip enable (GE) and out- 


put enable (DE) controls. 


AMO's Flash memories 
augment 
EPROM functionality 


with in-circuit 
electrical 
erasure and programming. 
The 


Am28F010 
uses a command 
register 
to manage 
this 


functionality, 
while 
maintaining 
a JEOEC 
Flash Stan- 


dard 32-pin 
pinout. 
The command 
register 
allows 
for 


100"(0 TIL 
level control 
inputs and fixed power supply 


levels during erase and programming, 
while maintaining 


maximum 
EPROM compatibility. 


AMO's 
Flash technology 
reliably 
stores 
memory 
con- 


tents even after 10,000 erase and program 
cycles. The 


AMO cell is designed 
to optimize 
the erase 
and pro- 


gramming 
mechanisms. 
In addition, 
the combination 
of 


advanced tunnel oxide processing 
and low internal elec- 


tric fields for erase and programming 
operations 
pro- 


duces 
reliable 
cycling. 
The 
Am28F010 
uses 
a 


12.0 V ± 5% Vpp supply to perform 
the Flasherase 
and 


Flashrite algorithms. 


The highest degree 
of latch-up 
protection 
is achieved 


with 
AMO's 
proprietary 
non-epi 
process. 
Latch-up 


protection 
is provided 
for stresses 
up to 100 milliamps 


on address and data pins from -1 V to Vcc +1 V. 


The Am28FO 10 is byte programmable 
using 10 liS pro- 


gramming 
pulses 
in accordance 
with AMO's 
Flashrite 


programming 
algorithm. 
The typical 
room temperature 


programming 
time of the Am28F010 
is two seconds. 


The entire chip is bulk erased using 10 ms erase pulses 
according 
to AMO's Flasherase 
alrogithm. 
Typical era- 


sure at room temperature 
is accomplished 
in less than 


one second. 
The windowed 
package 
and the 
15-20 


minutes required for EPROM erasure using ultra-violet 
light are eliminated. 


~AMD 


GENERAL DESCRIPTION 


Commands 
are written to the command 
register using 
standard 
microprocessor 
write timings. 
Register 
con- 


tents serve as inputs to an internal state-machine 
which 


cOntrols the erase and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 


operations. 
For 
system 
design 
simplification, 
the 


Am28F010 
is designed to support either WE or CE con- 


trolled writes. 
During a system write cycle, addresses 


are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


CE whichever 
occurs first. To simplify the following 
dis- 


cussion, the WE pin is used as the write cycle control pin 
throughout 
the rest of this text. All setup and hold times 


are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM 
experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F010 
electrically 
erases 
all bits simultaneously 


using 
Fowler-Nordheim 
tunneling. 
The 
bytes 
are 


programmed 
one byte at a time using the EPROM pro- 


gramming 
mechanism 
of hot electron 
injection. 


Vcc - 


Vss - 


Vpp 


Command 
Register 
Chip Enable 
Output Enable 
Logic 


V-Decoder 
V-Gating 


Address 
• 
Latch 
1,048,576 


X-Decoder 
• 
Bit 
• 
Cell Matrix 


• 


Family Part No.: 
Am28F010 


Ordering Part No.: 


±10% Vcc Tolerance 
-90 
-120 
-150 
·200 
-250 


±5% Vcc Tolerance 
-95 


Max Access Time (ns) 
90 
120 
150 
200 
250 


CE (E) Access (ns) 
90 
120 
150 
200 
250 


OE (G) Access (ns) 
35 
50 
55 
55 
55 


J 
~~ 
1---------- 
CONNECTION DIAGRAMS 


PLCC· 


[ 


N 
L() 
to 
~ 
81w 
() 
;;;:;;;: 
;;;: > > :!: z 


4 
3 
2 
1 32 31 30 


A7 
• 
A14 
29 
A6 
28 
A13 


A5 
27 
A8 
A4 
26 
A9 


A3 
25 
A11 


A2 
24 
OE (G) 


A1 
23 
A10 
AO 
22 
CE (E) 
DOO 
21 
D07 


~N 
(/)C') 
'<t 
L() to 
00 
(/)0000 
00 
> 0 000 


11559F-3 


Vpp 
Vcc 
A16 
WE(W) 
A15 
NC 


A12 
A14 


A7 
A13 


A6 
A8 


A5 
A9 


A4 
A11 


A3 
OE(G) 
A2 
A10 


A1 
CE(E) 


AO 
DO? 


DOO 
D06 


D01 
D05 


D02 
D04 


Vss 
D03 


11559F-2 


N~te: 
Pin 1 is marked 
for orientation. 
'Also available 
in LGG. 


L 


~ 
AMD 


TSOP PACKAGES 


A11 
10 
32 
OE 
A9 
2 
31 
A10 
A8 
3 
30 
CE 
A13 
4 
29 
07 
A14 
5 
28 
06 
NC 
6 
27 
05 
WE 
7 
26 
04 
Vcc 
8 
25 
03 
Vpp 
9 
24 
Vss 
A16 
10 
23 
02 
A15 
11 
22 
01 
A12 
12 
21 
DO 
A7 
13 
20 
AO 
A6 
14 
19 
A1 


AS 
15 
18 
A2 
A4 
16 
17 
A3 


28F010 Standard 
Pinout 


OE 
1\7 
32 
A11 
A10 
2 
31 
A9 
CE 
3 
30 
A8 
07 
4 
29 
A13 
06 
5 
28 
A14 
05 
6 
27 
NC 
04 
7 
26 
WE 
03 
8 
25 
Vcc 
Vss 
9 
24 
Vpp 
02 
10 
23 
A16 
01 
11 
22 
A15 
DO 
12 
21 
A12 
AO 
13 
20 
A7 
A1 
14 
19 
A6 
A2 
15 
18 
AS 
A3 
16 
17 
A4 


28F010 Reverse 
Pinout 
11559F-4 


28F010 
128K x 8 Flash Memory 
In 32-Lead 
TSOP 


lOGIC SYMBOL 


ORDERING INFORMATION 


Standard Products 


AMD standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The ordering 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 
Blank 
= 
Standard 
Processing 
B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C = Commercial 
(O°C to +70°C) 
I 
= Industrial 
(-40°C 
to + 85°C) 
E 
= Extended 
(-55°C 
to + 125°C) 


PACKAGE 
TYPE 
P = 32-Pin 
Plastic 
DIP (PO 032) 


J 
= 32-Pin 
Rectangular 
Plastic 
Leaded 


Chip Carrier 
(PL 032) 
o = 32-Pin 
Ceramic 
DIP (CD 032) 


L = 32-Pin 
Rectangular 
Ceramic 
Leadless 
Chip Carrier 
(CLR 032) 


E = 32-Pin 
TSOP 
Standard 
Pinout 
(TS 032) 


F 
= 32-Pin 
TSOP 
Reverse 
Pinout 
(TSR 032) 


SPEED 
See Product 
Selector 
Guide 
and 
Valid 
Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28FOtO 
1 Megabit 
(128K 
x 8-Bit) CMOS 
Flash 
Memory 


Valid 
Combinations 


AM28F010-90 
PC, JC, DC, LC, 
AM28F010-95 
EC, FC 


AM28F010-120 
PC, PI, PE, PEB, 


AM28F010-150 
JC, JI, JE, JEB, 


AM28F010-200 
DC, 01, DE, DEB, 


LC, L1, LE, LEB, 
EC, FC, EI, FI, 


EE, FE, EEB, FEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 


be supported 
in volume 
for this 
device, 
Consult 


the local AMD sales office to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 
released 
combinations, 


ORDERING INFORMATION 
APL Products 


AMD products 
for Aerospace 
and Defense 
applications 
are available 
in several 
packages 
and operating 
ranges. 
APL (Approved 
Products 
List) products 
are fully compliant 
with MIL-STD-883C 
requirements. 
The order number 
(Valid Combination) 
is formed 
by 
a combination 
of: 


1 


x T 
LEAD 
FINISH 
________ :A~:~:O:~:iP 


X = 32-Pin 
Ceramic 
DIP (CD 032) 


U = 32-Pin 
Rectangular 
Ceramic 


Leadless 
Chip Carrier 
(CLR 032) 


SPEED 
OPTION 
See Product 
Selector 
Guide 
and 


Valid Combinations 


L- 
DEVICE 
NUMBER/DESCRIPTION 


Am28F010 
1 Megabit 
(128K 
x 8-Bit) CMOS 
Flash 
Memory 


Valid 
Combinations 


AM28F010-120 


AM28F010-150 


/BXA./BUA 


AM28FOt 
0-200 


AM78F010-250 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 


be supported 
in volume 
for this device. 
Consult 
the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 


released 
combinations. 


Group 
A Tests 
. 


Group 
A tests consist 
of Subgroups 
1.2.3.7,8,9.10.11. 


PIN DESCRIPTION 


AOrA16 
Address 
Inputs for memory 
locations. 
Internal latches 


hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active low input activates 
the chip's 


control 
logic and input buffers. 
Chip Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DQD-DQ7 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 


nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 
Power supply for erase and programming. 
Vpp must be 


at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 


alter the memory array contents. 
Memory contents can- 


not be altered when VPP :0; Vcc +2 V. 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 


function of the command 
register to the memory 
array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


BASIC PRINCIPLES 


The Am28F010 
uses 100% TTL-Ievel 
control inputs to 


manage the command 
register. 
Erase and reprogram- 


ming operations 
use a fixed 12.0 V ± 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F01 0 functions 
as a 


read 
only 
memory 
and 
operates 
like 
a 
standard 


EPROM. 
The 
control 
inputs 
still 
manage 
traditional 


read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 


age is applied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 


addition, 
two-cycle 
commands 
are required 
for erase 


and reprogramming 
operations. 
The traditional 
read, 
standby, 
output 
disable, 
and Auto 
select 
modes 
are 


available 
via the register. 


The 
Am28F010's 
command 
register 
is written 
using 


standard 
microprocessor 
write 
timings. 
The 
register 


controls an internal state machine that manages all de- 
vice operations. 
For system 
design 
simplification, 
the 


Am28F010 
is designed 
to support 
either 
WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 


of WE or CE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 


Flasherase 
Sequence 


A multiple step command 
sequence 
is required to erase 


the Flash device 
(a two-cycle 
Erase command 
and re- 


peated one cycle verify commands). 


Note: 
The Flash memory array must be completely 
pro- 
grammed 
to O's prior to erasure. 
Refer to the Flashrite 
Programming 
Algorithm. 


1. Erase Set-Up: 
Write the Set-up Erase command 
to 


the command 
register. 


2. 
Erase: 
Write the Erase command 
(same as Set-up 


Erase command) 
to the command 
register 
again. 


The second command 
initiates the erase operation. 


The system software routines must now time-out the 
erase pulse width (10 ms) prior to issuing the Erase- 
verify command. 
An integrated 
stop timer prevents 
any possibility 
of overerasure. 


3. 
Erase-Verify: 
Write the 
Erase-verify 
command 
to 
the command 
register. 
This command 
terminates 
the erase operation. 
After the erase operation, 
each 


byte of the array must be verified. 
Address 
informa- 


tion must be supplied 
with the 
Erase-verify 
com- 


mand. 
This 
command 
verifies 
the 
margin 
and 
outputs the addressed 
byte in order to compare 
the 
array data with FFH data (Byte erased). 
After suc- 


cessful data verification 
the Erase-verify 
command 
is written again with new address information. 
Each 


byte 
of the 
array 
is sequentially 
verified 
in this 
manner. 


If data 
of the addressed 
location 
is not verified, 
the 
Erase 
sequence 
is repeated 
until the entire 
array 
is 
successfully 
verified 
or 
the 
sequence 
is 
repeated 
1000 times. 


Flashrite 
Programming 
Sequence 


A three step command 
sequence 
(a two-cycle 
Program 
command 
and one cycle Verify command) 
is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 


1. Program 
Set-Up: 
Write the Set-up 
Program 
com- 
mand to the command 
register. 


2. 
Program: 
Write the Program command 
to the com- 


mand 
register 
with 
the 
appropriate 
Address 
and 


Data. The system software 
routines must now time- 


out the program 
pulse width (10 jls) prior to issuing 
the 
Program-verify 
command. 
An integrated 
stop 
timer prevents 
any possibility 
of overprogramming. 


3. 
Program-Verify: 
Write 
the 
Program-verify 
com- 
mand to the command 
register. 
This command 
ter- 


minates the programming 
operation. 
In addition, this 
command 
verifies the margin 
and outputs 
the byte 
just programmed 
in order to compare 
the array data 
with the original data programmed. 
After successful 
data verification, 
the programming 
sequence 
is initi- 
ated 
again 
for 
the 
next 
byte 
address 
to 
be 


programmed. 


If data 
is not verified 
successfully, 
the 
Program 
se- 


quence 
is repeated 
until a successful 
comparison 
is 
verified or the sequence 
is repeated 
25 times. 


Data Protection 


The Am28F01 0 is designed 
to offer protection 
against 
accidental 
erasure or programming, 
caused by spurious 
system level signals that may exist during power transi- 
tions. 
The Am28F010 
powers up in its read only state. 


Also, with its control 
register 
architecture, 
alteration 
of 
the memory contents 
only occurs after successful 
com- 


pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 


prevent 
inadvertent 
write 
cycles 
resulting 
from Vcc 
power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 
than 3.2 V (typically 
3.7 V). If Vcc < VLKO,the command 


register 
is disabled 
and all internal 
program/erase 
cir- 
cuits 
are disabled. 
The device 
will reset to the read 


mode. Subsequent 
writes will be ignored 
until the Vcc 


level is greater than VLKO.It is the users responsibility 
to 
ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = VIH or WE = VIH. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-upofthe 
device with WE = CE = VILand OE = V IH 


will not accept commands 
on the rising edge of WE. The 


internal state machine is automatically 
reset to the read 


mode on power-up. 


FUNCTIONAL DESCRIPTION 


Description of User Modes 


Operation 
CE 
OE 
WE 
V•• 


I 
(E) 
(G) 
(W) 
(Note 1) 
AO 
A9 
I/O 


I 


Read 
VIL 
VIL 
X 
VPPL 
AO 
A9 
Dour 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output Disable 
VIL 
VIH 
VIH 
VPPL 
X 
X 
HIGHZ 
Read-Only 
Auto-select Manufacturer 
VIL 
VIL 
VIH 
VPPL 
VIL 
VID 
CODE 
Code (Note 2) 
(Note 3) 
(01H) 


Auto-select Device Code 
VIL 
VIL 
VIH 
VPPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(A7H) 


Read 
VIL 
VIL 
VIH 
VPPH 
AD 
A9 
Dour 
(Note 4) 


ReadlWrlte 
Standby (Note 5) 
VIH 
X 
X 
VPPH 
X 
X 
HIGHZ 


Output Disable 
VIL 
VIH 
VIH 
VPPH 
X 
X 
HIGHZ 


Write 
VIL 
VIH 
VIL 
VPPH 
AO 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
V,Lor V,H levels. 
VPPL= Vpp < Vee + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH. 0 V < An < Vee + 2 V. (normal 
TTL or CMOS 
input levels. 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground. 
or < Vee +2.0 
V. VPPH is the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL. memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 
11.5< V,D< 
13.0 V 


4. 
Read 
operation 
with Vpp = VPPH may access 
array data or the Auto select codes. 


5. 
With Vpp at high voltage. 
the standby 
current 
is Ice + Ipp (standby). 


6. 
Refer 
to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated. 
where Don't 
Care is either 
VIL or V,H levels. 
In the Auto select 
mode 
all 


addresses 
except 
A9 and AD must be held at V,L. 


~ 
AMD 


READ ONLY MODE 


Vpp < Vee + 2 V 
Command Register Inactive 


Read 


The Am28F01 0 functions 
as a read only memory when 


Vpp < Vcc + 2 V. The Am28F01 0 has two control func- 
tions. Both must be satisfied in order to output data. CE 
controls powerto 
the device. This pin should be used for 


specific 
device 
selection. 
OE controls 
the device 
out- 


puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tAce is equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 
cess time tCE is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en' 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tACC-tOE). 


Standby 
Mode 


The Am28F010 
has two standby 
modes. 
The CMOS 


standby mode (CE input held at Vcc ± 0.5 V), consumes 
less than 100 ~ 
of current. 
TTL standby 
mode (CE is 


held at VIH) reduces 
the current 
requirements 
to less 


than 1mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 
ming, or program/erase 
verification, 
the device will draw 


active current until the operation 
is terminated. 


Output 
Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 


pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify 
its manufacturer 


and type. This mode is intendedforthe 
purpose of auto- 


matically matching the device to be programmed 
with its 


corresponding 
programming 
algorithm. 
This 
mode 
is 


functional 
over 
the 
entire 
temperature 
range 
of the 


device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VID (11.5 V to 13.0 V) on address 
A9. Two 


identifier bytes may then be sequenced 
from the device 


outputs by toggling address Ao from Vil to VIH. All oth~r 
address lines must be held at Vll, and Vpp must be less 
than or equal to Vec + 2.0 V while using this Auto select 
mode. Byte 0 (AO ; Vll) 
represents 
the manufacturer 


code and byte 1 (AO; VIH)the device identifier code. For 
the Am28FO 10 these two bytes are given in the table be- 
low. All identifiers 
for manufacturer 
and device 
codes 


will exhibit odd parity with the MSB (007) defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and READ 
MODE 
section 
for program- 


ming the Flash memory device in-system). 


Code 


Type 
AO 
(HEX) 
007 
006 
DOS 
004 
003 
002 
001 
000 


Manufacturer Code 
Vil 
01 
0 
0 
0 
a 
0 
0 
0 
1 


Device Code 
VIH 
A7 
1 
a 
1 
0 
0 
1 
1 
1 


I 


ERtSE, 
PROGRAM, AND READ MODE 


Vpp_12.0V 
± 5% 
Command 
Register 
Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 


activate the command 
register. Data written to the regis- 


ter serves as input to the internal 
state machine. 
The 


output of the state machine determines 
the operational 


funcjion 
of the device. 


The command 
register does not occupy an addressable 


merr\ory location. The register is a latch that stores the 
command, 
along with the address and data information 


needed to execute the command. 
The register is written 


by bringing 
WE andCE 
to VIL, while OE is at VIH. Ad- 


dresses 
are latched 
on the falling 
edge of WE, while 


data!is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings are used. 


The ~evice requires the OE pin to be VIHfor write opera- 
tions. This condition 
eliminates 
the possibility 
for bus 


contention 
during programming 
operations. 
In order to 


writ~,.o~ 
must be VIH, and CE and WE must be VIL. If 


any pin IS not In the correct state a write command 
will 


not ~e executed. 


AMD~ 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 


(Read Mode) in the absence 
of high voltage 
applied to 
the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 


cific data codes 
into the command 
register. 
Table 
3 


defines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when Vpp is high. To read from the device, write 
OOHinto the command 
register. Standard 
microproces- 


sor read cycles access data from the memory. The de- 
vice will remain 
in the read mode until the command 


register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 


upon Vpp power-up. 
The OOH(Read Mode) register de- 
fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 


memory contents 
does not occur during the Vpp power 
transition. 
Refer to the AC Read Characteristics 
and 


Waveforms 
for the specific timing parameters. 


I 


First Bus Cycle 
Second Bus Cycle 


Operation 
Address 
Data 
Operation 
Address 
Data 
COmmand 
(Note 1) 
(Note 2) 
(Note 3) 
(Note 1) 
(Note 2) 
(Note 3) 


Re~d Memory (Note 6) 
Write 
X 
OOH/FFH 
Read 
RA 
RD 


Re~d Auto select 
Write 
X 
80H or 90H 
Read 
OOH/01H 
01H/A7H 


Erase Set-up/EraseWrite 
Write 
X 
20H 
Write 
X 
20H 
(Noje4) 


Era~e-Verify (Note 4) 
Write 
EA 
AOH 
Read 
X 
EVD 


Pro~ram Set-upl 
Write 
X 
40H 
Write 
PA 
PD 
Pro~ram (Note 5) 


Program-Verify (Note 5) 
Write 
X 
COH 
Read 
X 
PVD 


Reset (Note 6) 
Write 
X 
FFH 
Write 
X 
FFH 


Noter 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
~A = Address 
of the memory 
location 
to be read. 


81'1 = Address 
of the memory 
location 
to be read during 
erase-verify. 
P(l = Address 
of the memory 
location 
to be programmed. 


~ = Don't 
care. 


Addresses 
are latched 
on the falling 
edge of the WE pulse. 


3. 
~D = Data read from location 
RA during 
read operation. 
clVD = Data read from location 
EA during 
erase-verify. 


PO = Data to be programmed 
at location 
PA. Data latched 
on the rising edge of WE. 


PVD = Data read from location 
PA during program-verify. 
PA is latched 
on the Program 
command. 


4. 
F(gure 
1 illustrates 
the Flasherase 
Electrical 
Erase Algorithm. 


5. 
Figure 3 Illustrates 
the Flashrlte 
Programmmg 
Algorithm. 


6. 
Please 
reference 
Reset 
Command 
section. 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AM D's Flasherase 
and Flashrite 
Algorithms 


Flasherase 
Erase Sequence 


Erase Set-Up/Erase 
Commands 


Erase Set-Up 


E~ase Set-up is the first of a two-cycle 
erase command. 
It IS a command-only 
operation 
that stages the device 


for bulk chip erase. The array contents 
are not altered 


~ith this command. 
20H is written to the command 
reg- 


Ister In order to perform the Erase Set-up operation. 


Erase 


The second two-cycle 
erase command 
initiates the bulk 


erase operation. 
You must write the Erase command 


(20H) again to the register. The erase operation 
begins 


with the rising edge of the WE pulse. The erase opera- 
tlO? must 
be terminated 
by writing 
a new command 


(Erase-verify) 
to the register. 


This two step sequence 
of the Set-up and Erase com- 


~~nds 
helps to ensure that memory contents are not ac- 


cidentally 
erased. 
Also, 
chip 
erasure 
can only occur 


when high voltage is applied to the Vpp pin and all control 
pins are intheirproperstate.ln 
absence of this high volt- 


age, memory 
contents 
cannot 
be altered. 
Refer to AC 
Erase Characteristics 
and Waveforms 
for specific tim- 


Ing parameters. 


Note: 
The Flash 
memory 
device 
must 
be fully pro- 


grammed 
to OOH data prior to erasure. 
This equalizes 


the 
charge 
on 
all 
memory 
cells 
ensuring 
reliable 


erasure. 


Erase-Verify 
Command 


The erase 
operation 
erases 
all bytes of the array 
in 
parallel. 
After the erase operation, 
all bytes 
must be 
sequentially 
verified. The Erase-verify 
operation 
is initi- 


ated by writing AOH to the register. The byte address to 
be verified 
must be supplied 
with the command. 
Ad- 


dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever 
occurs later. The rising edge of 


the WE pulse terminates 
the erase operation. 


Margin 
Verify 


During the Erase-verify 
operation, 
the Am28F010 
ap- 
plies an Internally generated 
margin voltage to the ad- 


dressed 
byte. Reading 
FFH from the addressed 
byte 
indicates that all bits in the byte are properly 
erased. 


Verify 
Next Address 


You must write the Erase-verify 
command 
with the ap- 


propnate 
address to the register prior to verification 
of 


each address. 
Each new address is latched on the fail- 


ing edge of WE orCE pulse, whichever 
occurs later. The 


process continues for each byte in the memory array un- 
til a byte does not return FFH data or all the bytes in the 
array are accessed 
and verified. 


If an address is not verified to FFH data, the entire chip is 
erased again (referto 
Erase Set-up/Erase). 
Erase verifi- 


cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. 
At 


this point, 
the verification 
operation 
is terminated 
by 


writing 
a valid command 
(e.g. Program 
set-up) 
to the 


command 
register. Figure 1 and Table 4, the Flasherase 


electrical erase algorithm, 
illustrate how commands 
and 


bus operations 
are combined 
to perform 
electrical 
era- 


sure. Referto AC Erase Characteristics 
and Waveforms 


for specific timing parameters. 
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Figure 1. Flasherase Electrical Erase Algorithm 


Flasherase Electrical Erase Algorithm 


This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, 
and 


number of erase/program 
cycles on the device. 
In gen- 


e(al, reprogramming 
time increases 
as the number of 


erase/program 
cycles increases. 


The Flasherase 
electrical 
erase algorithm 
employs 
an 


interactive 
closed loop flow to simultaneously 
erase all 


bits in the array. Erasure begins with a read of the mem- 
ory contents. 
The Am28FOl 0 is erased when shipped 


from the factory. 
Reading 
FFH data from the device 


would immediately 
be followed 
by executing 
the Flash- 


rite programming 
algorithm 
with the appropriate 
data 


p~ttern. 


Should the device be currently 
programmed, 
data other 


than FFH will be returned 
from address 
locations. 
Fol- 


low the Flasherase 
algorithm. 
Uniform and reliable era- 


sure 
is ensured 
by first 
programming 
all bits in the 


Table 4. Flasherase 
Electrical 
Erase Algorithm 


device 
to their 
charged 
state 
(Data 
= OOH). This 
is 


accomplished 
using the 
Flashrite 
Programming 
algo- 
rithm. Erasure then continues 
with an initial erase op- 


eration. 
Erase 
verification 
(Data 
= FFH) 
begins 
at 


address OOOOHand continues 
through 
the array to the 
last address, 
or until data other than 
FFH is encoun- 


tered. If a byte fails to verify, the device is erased again. 
With each erase 
operation, 
an increasing 
number 
of 


bytes verify to the erased state. Typically, 
devices 
are 


erased in less than 100 pulses (one second). 
Erase effi- 


ciency may be improved 
by storing the address 
of the 


last byte that fails to verify in a register. 
Following 
the 


next erase operation, 
verification 
may start at the stored 


address 
location. 
A total of 1000 erase pulses 
are al- 


lowed per reprogram 
cycle, which 
corresponds 
to ap- 


proximately 
10 seconds 
of cumulative 
erase time. The 


entire sequence 
of erase and byte verification 
is per- 


formed with high voltage applied to the Vpp pin. Figure 1 
illustrates 
the electrical 
erase algorithm. 


Bus 
Operations 
Command 
Comments 


Entire memory 
must = OOH before 
erasure 
(Note 3) 


Note: 
Use Flashriteprogramming 
algorithm 
(Figure 
3) for 


programming. 


Standby 
Wait for Vpp ramp to VPPH (Note 
1) 
Initialize: 
Addresses 
PLSCNT 
(Pulse 
count) 


Write 
Erase 
Set-Up 
Data = 20H 


Write 
Erase 
Data = 20H 


Standby 
Duration 
of Erase Operation 
(tWHWH2) 


Write 
Erase-Verify 
(Note 2) 
Address 
= Byte to Verify 
Data = AOH 
Stops 
Erase Operation 


Standby 
. Write Recovery 
Time before 
Read = 6 ~s 


Read 
Read byte to verify 
erasure 


Standby 
Compare 
output 
to FFH 
Increment 
pulse count 
. 


Wlite 
Reset 
Data = FFH, reset the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPL (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPHor VPPL. The Vpp power 
supply 
can be hard-wired 
to the device 
or switchable. 


When 
Vpp is switched, 
VPPL may be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V, 


2. 
Erase 
Verify is performed 
only after chip erasure. 
A final read compare 
may be performed 
(optional) 
after the register 
is 
written 
with the read command. 


3. 
The erase 
algorithm 
Must 
Be Followed 
to ensure 
proper 
and reliable 
operation 
of the device. 


Section 
ABC 
D 
E 
F 
G 


Addresse 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
, 
: is--ruJ: 
is~' 
CE 
I 
I 
I 
I 


I 
" 
, 
is 
is~ 
, 
, 


~~ 
\ 


I 
, 
I 
, 


I 
I 
Da~ 
Out 


vcc} 


Bus Cycle 
Write 
Write 
Time-out 
Write 
Time-out 
Read 
Standby 


Command 
20H 
20H 
N/A 
AOH 
N/A 
Compare 
N/A 
Data 


Function 
Erase 
Erase 
Erase 
Erase- 
Transition 
Erase 
Proceed 
per 
Set-up 
(10ms) 
Verify 
(6I!s) 
Verification 
Erase 


Algorithm 


'\; 


Analysis 
of Erase Timing 
Waveform 


Note: 
This analysis does not include the requirement 
to 
program 
the entire array to OOH data prior to erasure. 


Refer to the Flashrite Programming 
algorithm. 


Erase Set-Up/Erase 


This analysis illustrates the use of two-cycle 
erase com- 


mands 
(section 
A and 
B). The first erase 
command 


(20~) is a set-up command 
and does not affect the array 
datC\(section A). The second erase command 
(20H) in- 


itiates the erase operation 
(section B) on the rising edge 
of this WE pulse. 
All bytes 
of the memory 
array 
are 
erased in parallel. 
No address 
information 
is required. 


The erase pulse occurs in section C. 


Time-Out 


A software timing routine (10 ms duration) 
must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated 
stop timer prevents 
any possibility 


of overerasure 
by limiting each time-out period of 10 ms. 


Erase-Verify 


Upon completion 
of the erase software 
timing 
routine, 


the microprocessor 
must write 
the 
Erase-verify 
com- 
mand (AOH). This command 
terminates 
the erase op- 


eration on the rising edge of the WE pulse (section 
D). 


The Erase-verify 
command 
also stages the device for 
data verification 
(section 
F). 


After each erase operation 
each byte must be verified. 


The byte address to be verified 
must be supplied 
with 
the Erase-verify 
command 
(section 
D). Addresses 
are 
latched on the falling edge of the WE pulse. 


Another software timing routine (6 Jls duration) 
must be 
executed to allow for generation 
of internal voltages for 


margin checking 
and read operation 
(section 
E). 


During Erase-verification 
(section 
F) each address that 


returns FFH data is successfully 
erased. 
Each address 
of the array is sequentially 
verified in this manner by re- 


peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address 
location 


fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification 
(section 
D) with 
the failed address. 


Each data change sequence 
allows the device to use up 
to 1,000 erase 
pulses 
to completely 
erase. 
Typically 
100 erase pulses are required. 


Note: 
All address 
locations 
must be programmed 
to 
OOH prior 
to erase. 
This equalizes 
the charge 
on all 
memory 
cells and ensures reliable erasure. 


Flashrite Programming Sequence 


Program 
Set-Up/Program 
Command 


Program 
Set-Up 


The Am28F01 0 is programmed 
byte by by1e. Bytes may 
be programmed 
sequentially 
or at random. 
Program 
Set-up 
is the first of a two-cycle 
program 
command. 
It 
stages the device for byte programming. 
The Program 
Set-up 
operation 
is performed 
by writing 
40H to the 
command 
register. 


Program 


Only after the program 
set-up operation 
is completed 
will the next WE pulse initiate the active programming 
operation. 
The appropriate 
address 
and data for pro- 
gramming 
must be available 
on the second WE pulse. 


Addresses 
and data are internally latched on the falling 
and risin~ge 
of the WE pulse respectively. 
The rising 
edge of WE also begins 
the programming 
operation. 
You must write the Program-verify 
command 
to termi- 
nate the 
programming 
operation. 
This 
two 
step 
se- 
quence of the Set-up and Program commands 
helps to 
ensure that memory 
contents 
are not accidentally 
writ- 
ten. Also, programming 
can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents 
cannot be programmed. 


Refer to AC Characteristics 
and Waveforms 
for specific 
timing parameters. 


Program 
Verify 
Command 


Following 
each programming 
operation, 
the by1e just 
programmed 
must be verified. 


Write COH into the command 
register in order to initiate 
the Program-verify 
operation. 
The rising edge of this WE 
pulse terminates 
the programming 
operation. 
The Pro- 
gram-verify 
operation 
stages the device for verification 
of the last byte programmed. 
Addresses 
were 
previ- 


ously latched. No new information 
is required. 


Margin 
Verify 


During the Program-verify 
operation, the Am28F01 0 ap- 
plies an internally 
generated 
margin voltage to the ad- 
dressed 
byte. 
A normal 
microprocessor 
read 
cycle 
outputs the data. A successful 
comparison 
between the 
programmed 
byte and the true data indicates 
that the 
byte 
was 
successfully 
programmed. 
The 
original 
programmed 
data 
should 
be stored 
for comparison. 


Programming 
then proceeds to the next desired by1e lo- 
cation. Should the byte fail to verify, reprogram 
(refer to 
Program 
Set-up/Program). 
Figure 3 and Table 5 indi- 
cate how instructions 
are combined 
with the bus opera- 
tions 
to 
perform 
byte 
programming. 
Refer 
to 
AC 
Programming 
Characteristics 
and Waveforms 
for spe- 
cific timing parameters. 


Flashrite 
Programming 
Algorithm 


The Am28F010 
Flashrite Programming 
algorithm 
em- 
ploys an interactive 
closed 
loop flow to program 
data 
byte by byte. Bytes may be programmed 
sequentially 
or 
at random. The Flashrite Programming 
algorithm 
uses 
10 Jls programming 
pulses. 
Each operation 
is followed 
by a byte verification 
to determine 
when the addressed 
byte has been successfully 
programmed. 
The program 
algorithm 
allows for up to 25 programming 
operations 
per by1e per reprogramming 
cycle. Most bytes verify af- 
terthe first or second pulse. The entire sequence of pro- 
gramming 
and byte verification 
is performed 
with high 
voltage applied to the Vpp pin. Figure 3 and Table 5 illus- 
trate the programming 
algorithm. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp ramp to VPPH (Note 
1) 
Initialize 
pulse 
counter 


Write 
Program 
Set-Up 
Data = 40H 


Write 
Program 
Valid Address/Data 


Standby 
Duration 
of Programming 
Operation 
(twHWH1) 


Write 
Program-Verify 
(2) 
Data = COH Stops 
Program 
Operation 


Star'ldby 
Write 
Recovery 
Time before 
Read = 6 I.l.s 


Read 
Read byte to verify programming 


Star'ldby 
Compare 
data output 
to data expected 


Write 
Reset 
Data = FFH. resets the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPL (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPH. The Vpp power 
supply 
can be hard-wired 
to the device 
or switchable. 
When Vpp is 


switched, 
VPPL may be ground. 
no connect 
with a resistor 
tied to ground. 
or less than 
Vcc + 2.0 
V. 


2. 
Program 
Verify is performed 
only after byte programming. 
A final read/compare 
may be performed 
(optional) 
after the 


register 
is written 
with the read command. 


Section 
ABC 
D 
E 
F 
G 


Addresse~ 
~ 


I 
7 
I 
I 
II 
I 


OE !~~-7~-----SS 


vcc} 
\ 
Vpg 
I 
\; 
, . 
, 


11559F-9 


Bus Cycle 
Write 
Write 
Time-out 
Write 
Time-out 
Read 
Standby 


Command 
40H 
Program 
N/A 
COH 
N/A 
Compare 
N/A 


Address, 
(Stops 
Data 
Program 
Program) 


Data 


FGnction 
Program 
Program 
Program 
Program 
Transition 
Program 
Proceed per 


Set-up 
Command 
(10 Ils) 
Verify 
(6 Ils) 
Verification 
Programming 


Latch Address 
Algorithm 


& Data 


Figure 
4. A.C. Waveforms 
for Programming 
Operations 


Analysis 
of Program 
Timing 
Waveforms 
Program-Verify 


Program 
Set-Up/Program 
Upon completion 
of the program timing routine, the mi- 


Two-cycle 
write 
commands 
are required 
for program 
croprocessor 
must write the program-verify 
command 
operations 
(section 
A and B). The first program 
com- 
(COH). This command 
terminates 
the programming 
op- 
ma1d (40H) is a set-up command 
and does not affect 
eration on the rising edge of the WE pulse (section 
D). 
the array data (section 
A). The second 
program 
com- 
The program-verify 
command 
also stages the device for 
mand latches address 
and data required for program- 
data verification 
(section 
F). Another 
software 
timing 
ming on the falling and rising edge of WE respectively 
routine 
(6 Ils duration) 
must be executed 
to allow for 
(section B). The rising edge of this WE pulse (section B) 
generation 
of internal voltages for margin checking 
and 
also 
initiates 
the 
programming 
pulse. 
The 
device 
is 
read operations 
(section 
E). 
programmed 
on a byte by byte basis either sequentially 


or randomly. 


During program-verification 
(section 
F) each byte just 


programmed 
is read to compare 
array data with original 


program data. When successfully 
verified, the next de- 


sired address is programmed. 
Should a byte fail to ver- 


ify, reprogram 
the byte (repeat section A thru F). Each 


data change 
sequence 
allows the device 
to use up to 


25 program pulses per byte. Typically, 
bytes are verified 


within one or two pulses. 


The program 
pulse occurs in section C. 


Time-Out 


A software timing routine (10 Ils duration) 
must be initi- 


ated on the rising edge of the WE pulse of section B. 


Note: An integrated 
stop timer prevents 
any possibility 


of overprogramming 
by limiting each time-out period of 


10 jJ.s. 


Algorithm 
Timing 
Delays 


There 
are four different 
timing delays 
associated 
with 


the Flasherase 
and Flashrite algorithms: 


1. The first delay is associated 
with the Vpp rise-time 
when 
Vpp first turns on. The capacitors 
on the VPp 


qus cause an RC ramp. After switching 
on the Vpp, 


the delay required 
is proportional 
to the number of 
devices 
being 
erased 
and the 0.1 IlF/device. 
Vpp 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse width 


(10 ms). A software 
timing routine should be run by 


the local microprocessor 
to time out the delay. The 


erase operation 
must be terminated 
at the conclu- 


sion of the timing 
routine or prior to executing 
any 


system 
interrupts 
that may occur during the erase 


operation. 
To ensure proper device operation, 
write 


the Erase-verify 
operation 
after each pulse. 


3. A third delay time is required for each programming 
pulse width (10 Ils). The programming 
algorithm 
is 


interactive 
and verifies 
each byte after a program 


pulse. The program operation 
must be terminated 
at 


the conclusion 
of the timing routine or prior to execut- 


ing any system interrupts 
that may occur during the 


programming 
operation. 


4. 
A 
fourth 
timing 
delay 
associated 
with 
both 
the 


Flasherase 
and Flashrite algorithms 
is the write re- 


covery time (6Ils). 
During this time internal circuitry 


is changing 
voltage 
levels from the erase/ program 


level 
to those 
used 
for 
margin 
verify 
and 
read 


operations. 
An attempt to read the device during this 


period will result in possible false data (it may appear 
the device 
is not properly erased or programmed). 


Note: Software 
timing routines should be written in ma- 
chine language 
for each of the delays. 
Code written in 


machine 
language 
requires knowledge 
of the appropri- 
ate microprocessor 
clock speed in order to accurately 


time each delay. 


Parallel 
Device 
Erasure 


Many applications 
will use more than one Flash memory 


device. 
Total erase time may be minimized 
by imple- 


menting 
a parallel 
erase 
algorithm. 
Flash 
memories 


may erase 
at different 
rates. 
Therefore 
each device 


must be verified 
separately. 
When 
a device 
is com- 
pletely erased and verified 
use a masking code to pre- 


vent further erasure. 
The other devices will continue 
to 


erase until verified. The masking code applied could be 
the read command 
(OOH). 


Power-Up 
Sequence 


The 
Am28F010 
powers-up 
in the 
Read 
only 
mode. 


Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memory 
de- 


vice to the Read mode. In addition, 
it also provides the 


user with a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset command 
must be written two consecutive 


times after the set-up 
Program 
command 
(40H). This 


will reset the device to the Read mode. 


Following 
any other 
Flash command 
write 
the Reset 


command 
once to the device. This will safely abort any 


previous operation 
and initialize the device to the Read 


mode. 


The set-up Program 
command 
(40H) is the only com- 


mand that requires a two sequence 
reset cycle. The first 


Reset command 
is interpreted 
as program 
data. How- 


ever, FFH data is considered 
null data during program- 


ming operations 
(memory 
cells are only programmed 


from a logical "1" to "0"). The second 
Reset command 


safely aborts the programming 
operation 
and resets the 


device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 


prove easier to always 
issue the Reset command 
two 


consecutive 
times. This eliminates 
the need to deter- 


mine if you are in the set-up Program state or not. 


Programming 
In-System 


Flash memories 
can be programmed 
in-system 
or in a 


standard 
PROM programmer. 
The device 
may be sol- 
dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the board. 


Auto 
Select 
Command 


AM D's Flash memories 
are designed 
for use in applica- 


tions where the local CPU alters memory contents. 
Ac- 
cordingly, 
manufacturer 
and 
device 
codes 
must 
be 


accessible while the device resides in the target system. 
PROM 
programmers 
typically 
access 
the 
signature 


codes by raising A9 to a high voltage. 
However, 
multi- 


plexing high voltage onto address lines is not a generally 
desired system design practice. 


The Am28F010 
contains 
an Auto Select 
operation 
to 


supplement 
traditional 
PROM programming 
methodol- 


ogy. The operation 
is initiated by writing 80H or90H 
into 


the command 
register. Following this command, 
a read 


cycle address OOOOHretrieves the manufacturer 
code of 


01 H. A read cycle from address 
0001 H returns the de- 


vice code A7H (see Table 2). To terminate 
the opera- 
tion, it is necessary 
to write 
another 
valid command, 


such as Reset (FFH), into the register. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to +150°C 


Plastic Packages 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
. . . .. 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp (Note 1) 
-2.0 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to + 14.0 V 


Vpp (Note 2) . . . . . . . . . . . . . . . . .. 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or 110 pins is -0.5 V. During 


voltage 
transitions. 
inputs 
may overshoot 
Vss to -2.0 Vfor 
periods 
of up to 20 ns. Maximum 
DC voltage on output and 


I/O pins is Vcc + 0.5 V. During 
voltage 
transitions, 
outputs 
may overshoot 
to Vcc + 2.0 V for periods 
up to 20 ns. 


2. 
Minimum 
DC input 
voltage 
on A9 and 
Vpppins 
is -0.5 V. 
During 
voltage 
transitions. 
A9 and Vpp may overshoot 
Vss 
to -2.0 V for periods 
of up to 20 ns. Maximum 
DC input 
voltage 
on A9 and Vpp is + 13.5 V which may overshoot 
to 
14.0 V for periods 
up to 20 ns. 


3. 
No more than one output shorted 
at a time. Duration 
of the 
short circuit 
should 
not be greater 
than one second. 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings" may cause 
permanent 
damage 
to the ci.evice. This is a 
stress 
rating 
only; functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the opera- 
tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 
tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Vee Supply 
Voltages 
Vecfor 
Am28F010-X5 
+4.75 V to +5.25 V 


Vecfor 
Am28F010-XXO 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program, 
Erase, and Verify 
+11.4 V to + 12.6 V 


Operating 
ranges 
define 
those 
limits 
between 
which 
the 


functionality 
of the device 
is guaranteed. 


MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 
20 ns 
~~rLmxxx 


-2.0V~. 
.~ 
I 


20 ns 


Vcc + 0.5 V 


2.0 V 


20 ns 


I" 
.~ 


~ 


20 ns 
xxmt:I' .~ 


DC CHARACTERISTICS 
over operating 
range unless otherwise 
specified 
(for APL 


Products, 
Group A, Subgroups 
1, 2, 3, 7 and 8 are tested unless otherwise 
noted) 


(Notes 
1-4) 


DC CHARACTERISTICS-TTL/NMOS 
COMPATIBLE 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vee = Vee Max, 
±1.0 
!!A 


VIN = Vee or Vss 


ILO 
Output 
Leakage 
Current 
Vee = Vee Max, 
±1.0 
!!A 


VOUT = Vee or Vss 


Ices 
Vee Standby 
Current 
Vee = Vee Max 
0.2 
1.0 
mA 


CE = VIH 


leel 
Vee Active 
Read Current 
Vee = Vee Max,CE 
= VIL. OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


lee2 
Vee Programming 
Current 
CE = VIL 
10 
30 
mA 
Programming 
in Progress 
(Note 4) 


,lee3 
Vee Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VpPL 
±1.0 
!!A 


IpPl 
Vpp Read Current 
Vpp = VpPH 
70 
200 


Vpp = VpPL 
±1.0 


~A 


IpP2 
Vpp Programming 
Current 
Vpp = VpPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase 
Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vee 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vee = Vee Min 


VOHl 
Output 
High Voltage 
IOH= -2.5 mA 
2.4 
V 


Vee = Vee Min 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
!!A 


Vee= 
Vee Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vee 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vee Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F010 
must not be removed 
from (or inserted 
into) a socket 
when 
Vcc or Vpp is applied. 


2. 
ICCI is tested 
with DE = VIH to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Icc and Ipp. 


4. 
Not 
100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Mln 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
IlA 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
IlA 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
15 
100 
IlA 


CE = Vcc+ 
0.5 V 


ICC1 
Vcc Active 
Read Current 
Vcc = Vcc Max,CE 
= VIL. OE = VIH 
10 
30 
mA 


lOUT = 0 mA. at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


Icc3 
Vcc Erase Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
± 1.0 
IlA 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 
IlA 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VpPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vcc 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
10l = 5.8 mA 
0.45 
V 


Vcc 
= Vcc Min 


VOH1 
IOH = -2.5 
mA, Vcc = Vcc Min 
0.85 


Output 
High Voltage 
Vcc 
V 
VOH2 
IOH = -100 
1lA, Vcc 
= Vcc Min 
Vcc 
-0.4 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
IlA 


Vcc 
= Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
ReadlWrite 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


NotfS: 


1. 
Caution: 
the Am28F010 
must not be removed 
from (or inserted 
into) a socket 
when 
Vcc or Vpp is applied. 


2. 
ICCI is tested 
with OE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage is the sum of Icc and Ipp. 


4. 
Not 
100% tested. 
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Figure 5. Am28F01o-Average 
lee Active vs. Frequency 
Vcc = 5.5 V, Addressing 
Pattern = Minmax 


Data Pattern = Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled. 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C. 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS 
over operating 
range unless otherwise 
specified 


AC CHARACTERISTICS-Read 
Only Operation 
(Notes 1-4) 


Parameter 
Am28F010 


Symbols 


-90 
-120 
·150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read Cycle 
Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tELQV 
tCE 
Chip Enable 
Min 


Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


lAVQV 
tACC 
Address 
Min 
Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


tGLQV 
tOE 
Output 
Enable 
Min 
Access 
Time 
Max 
35 
50 
55 
55 
55 
ns 


tELQX 
tLl 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tSHQl 
tOF 
Chip Disable 
to 
Min 
Output 
in High Z (Note 3) 
Max 
20 
30 
35 
35 
35 
ns 


tGLQX 
tOLl 
Output 
Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHQl 
tOF 
Output 
Disable 
to 
Min 
Output 
in High Z (Note 4) 
Max 
20 
30 
35 
35 
35 
ns 


lAXQX 
tOH 
Output 
Hold from first of 
Min 
0 
0 
0 
0 
0 
ns 
Address, 
CEo or OE Change 
Max 
(Note 4) 


twHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
~s 
Time 
before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
~s 
Valid Read 
(Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0.45 
V to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28FO 10-95 Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0 V to 3 V 
Timing 
Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 
3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F010 
Symbols 
-90 
·120 
-150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
·95 
- 
- 
- 
- 
Un" 


tAVAV 
twe 
Write 
Cycle Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 6) 
Max 


tAVWL 
tAS 
Address 
Set-Up 
Time 
Min 
a 
a 
a 
a 
a 
ns 
Max 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
50 
60 
75 
75 
ns 


Max 


tOVWH 
tos 
Data Set-Up 
Time 
Min 
45 
50 
50 
50 
50 
ns 
Max 


tWHOX 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
ns 


Max 


tWHGL 
tWR 
Write 
Recovery 
Time 
Mi.n 
6 
6 
6 
6 
6 
lLS 


before 
Read 
Max 


tGHWL 
Read 
Recovery 
Time 
Min 
a 
a 
a 
a 
a 
lLs 


before 
Write 
Max 


tELWL 
tes 
Chip Enable 
Min 
a 
a 
a 
a 
a 
ns 
Set-Up 
Time 
Max 


tWHEH 
teH 
Chip Enable 
Min 
a 
a 
a 
a 
a 
ns 
Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
50 
60 
60 
60 
ns 


Max 


tWHWL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tWHWHl 
Duration 
of Programming 
Min 
10 
10 
10 
10 
10 
lLs 


Operation 
(Note 4) 
Max 


tWHWH2 
Duration 
of 
Min 
9.5 
9.5 
9.5 
9.5 
9.5 
ms 


Erase Operation 
(Note 4) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tves 
Vee Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
lLs 
Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
ns 


10% VPPL (Note 6) 
Max 


tLKO 
Vee < VLKO 
Min 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F010-95. 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.45 
V to 2.4 V 


Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 V 


3. 
Am28FO 10-95. 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.0 V to 3.0 V 


Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Maximum 
pulse 
widths 
not required 
because 
the on-chip 
program/erase 
stop timer 
will terminate 
the pulse 
widths 
internally 
on the device. 


5. 
Chip-Enable 
Controlled 
Writes: 
Write operations 
are driven 
by the valid combination 
of Chip-Enable 
and 
Write-Enable. 
In 
systems 
where 
Chip-Enable 
defines 
the Write Pulse 
Width (within a longer 
Write-Enable 
timing 
waveform) 
all set-up, 
hold 
and inactive 
Write-Enable 
times 
should 
be measured 
relative 
to the Chip-Enable 
waveform. 


6. 
Not 
100% tested. 


Must Se 
Steady 
WiltSe 
Steady 


WiltSe 
Changing 
from 
H to L 


WiltSe 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


KS000010 


\\\\\ 


May 
Change 
from H to L 
/00 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


5.0 V 
Vcc 
OV 


Device 
and 
Outputs 
Data 
Power-Up, 
Standby 
Address 
Selection 
Enabled 
Valid 


Figure 6. AC Waveforms 
for Read Operations 


Am28F010 


5.qy 
Ycc 
OY 


VPPH 
YPP 
VPPL 
_ 


SWI~CHING WAVEFORMS 


Program Command 
Latch Address & 
Data 


tWLWH(lwp 
), 


tOVWH(tOS) 


5.0 V 
Vcc 
ov 


VPPH 


Vpp 
VPPL 
_ 


Device 
Under 
Test 


Diodes 
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> 
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0.8 V 
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All Devices 
Except 
Am28F010-95 


AC Testing: 
Inputs are driven 
at 2.4 V for a 
logic "1" and 0.45 V for a logic "0". Input pulse 
rise and fall times 
are < 10 ns. 


AC Testing: 
Inputs 
are driven 
at 3.0 V for a 


logic "1" and 0 V for a logic "0". Input pulse 
rise 
and fall times 
are < 10 ns. 


Limits 


Parameter 
Max 
Unit 
Comments 


Min 
Typ 
(Note3) 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 
(Note 
1) 
(Note2) 
prior to erasure 


Chip Programming 
Time 
2 
12.5 
s 
Excludes 
system -level overhead 
(Note 
1) 


Wri1e/Erase 
Cycles 
10,000 
Cycles 


Notes: 


1. 
25"C, 
12 V Vpp 


2. 
The Flasherase/Flashrite 
algorithms 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the Flasherase/Flashrite 
pulse 
count 
(Flasherase 
= 1000 max and Flashrite 
= 25 max). 
Typical 
worst case for program 
and erase 
operations 
is significantly 
l€lss than the actual 
device 
limit. 


InJt 
Voltage 
with respeclto 
Vss on all pins except 
I/O pins 


Mln 
Max 


(Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc 
+ 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


~ 
AMD 


DATA SHEET REVISION SUMMARY FOR 
Am28F010 


Data sheet is Final now, and not Preliminary. 


Erase, 
Program 
and Read Mode - Write 
Operations 


Removed 
Command 
Register Table and Bit 
assignments. 


Erase, 
Program 
and Read Mode - Read Command 


The statement 
requiring 
a 6 Ils wait before accessing 
the first addressed 
location was removed. 


Table 3 - Am28F010 
Command 
Definitions 


The note describing 
a 6 Ils wait before accessing 
the 
first addressed 
location was removed. 


Flasherase 
Erase Sequence 
- Erase Verify 
Command 


The address latched also depends on the falling edge of 
ca, whichever 
happens 
later. 


Flasherase 
Erase Sequence 
- Verify 
Next Address 


The new address 
latched 
also depends 
on the falling 
edge of CEo whichever 
happens 
later. 


Auto 
Select 
Command 


Programming 
In-System 


Titles for each section were switched. 


Programming 
In-System 


It is necessary to write a valid command, 
such as Reset, 


into the register. 


DC Characteristics 
- TTUNMOS 
Compatible 


Added 
Note 
4. Those 
characteristics 
are not 
100% 
tested. 


DC Characteristics 
- CMOS Compatible 


Added 
Note 
4. Those 
characteristics 
are 
not 
100% 
tested. 


- 
Am28F010A 


1 Megabit (131,072 x a-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory with Embedded 
Algorithms 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
High performance 


- 
90 ns maximum 
access time 


• 
CMOS low power 
consumption 


- 
30 mA maximum 
active current 


- 
1-o0!1A maximum 
standby current 


- 
No data retention 
power consumption 


• 
Compatible 
with JEDEC-standard 
byte-wide 
32-Pln 
EPROM pinouts 


- 
32-pin DIP 


- 
32-pin PLCC 


- 
32-pin TSOP 


- 
32-pin Lee 


• 
100,000 write/erase 
cycles 
minimum 


• 
Write 
and erase voltage 
12.0 V ±5% 


• 
Latch-up 
protected 
to 100 mA from 
-1 V to 
Vcc+1 
V 


• 
Embedded 
Erase Electrical 
Bulk Chip-Erase 


- 
Three seconds 
typical chip-erase 
including 
pre-programming 


• 
Embedded 
Prog ram 


- 
14 JlS typical byte-program 
including time-out 


- 
Two seconds typical Chip program 


• 
Command 
register 
architecture 
for 
microprocessor/microcontroller 
compatible 
write 
interface 


• 
On-chip 
address 
and data latches 


• 
Advanced 
CMOS flash 
memory 
technology 


- 
Low cost single transistor 
memory cell 


• 
Embedded 
algorithms 
for completely 
self-timed 
write/erase 
operations 


GENERAL DESCRIPTION 


The Am28F01 OA is a 1 Megabit 
Flash memory organ- 


ized as 128K bytes of 8 bits each. AM D's Flash memo- 
ries offer the most cost-effective 
and reliable read/write 
non- volatile random access memory. The Am28F01 OA 
is packaged 
in 32-pin PDIP, PLee, 
and TSOP versions. 
The device is also offered in the ceramic 
DIP and Lee 
packages. 
It is designed 
to be 
reprogrammed 
and 
erased in-system 
or in standard 
EPROM programmers. 


The 
Am28F010A 
is erased 
when 
shipped 
from 
the 
factory. 


The standard 
Am28F01 OA offers access times as fast 
as 90 ns, allowing operation 
of high-speed 
microproces- 
sors without 
wait states. To eliminate 
bus contention, 
the Am28F01 OA has separate chip enable (CE) and out- 
put enable (OE) controls. 


AMD's 
Flash memories 
augment 
EPROM functionality 
with in-circuit 
electrical 
erasure 
and programming. 
The 
Am28F010A 
uses a command 
register to manage this 
functionality, 
while 
maintaining 
a 
standard 
JEDEe 
Flash standard 32-pin pinout. The command 
register al- 
lows for 100% TTL level control inputs and fixed power 
supply 
levels 
during 
erase 
and 
programming, 
while 
maintaining 
maximum 
EPROM compatibility. 


AMD's 
Flash technology 
reliably 
stores 
memory 
con- 


tents even alter 100,000 erase and program cycles. The 
AMD cell is designed 
to optimize 
the erase 
and pro- 


gramming 
mechanisms. 
In addition, the combination 
of 
advanced 
tunnel 
oxide 
processing 
and 
low 
internal 
electric 
fields for erase 
and programming 
operations 
produces 
reliable 
cycling. 
The 
Am28F010A 
uses 
a 
12.0 V ± 5% Vpp supply to perform 
the erase and pro- 
gramming 
functions. 


The highest degree 
of latch-up 
protection 
is achieved 
with AM D's proprietary 
non-epi process. 
Latch-up 
pro- 
tection is provided 
for stresses 
up to 100 milliamps 
on 
address and data pins from -1 V to Vcc +1 V. 


Embedded 
Program 


The Am28F01 OA is byte programmable 
using the Em- 
bedded 
Programming 
algorithm. 
The Embedded 
Pro- 
gramming 
algorithm 
does 
not require 
the 
system 
to 
time-out 
or verify 
the data 
programmed. 
The typical 
room 
temperature 
programming 
time 
of 
the 
Am28F01 OA is two seconds. 


~ 
AMD 


GENERAL DESCRIPTION 


Embedded 
Erase 


The entire 
chip 
is bulk 
erased 
using 
the 
Embedded 


Erase algorithm. 
The Embedded 
Erase algorithm 
auto- 


matically 
programs 
the entire 
array 
prior to electrical 


erase. The timing and verification 
of electrical erase are 


controlled 
internal to the device. Typical erasu re at room 


temperature 
is accomplished 
in one second. 


AMD's Am28F01 OA is entirely pin and software compat- 
ible with AMD Am28F020A 
Flash memory. 


Embedded 
Programming 
Algorithm 
ys. 


Flashrite 
Programming 
Algorithm 


The Flashrite Programming 
algorithm 
requires the user 


to write a program 
set-up command, 
a program 
com- 


mand (program data and address), and a program verify 
command 
followed 
by a read and compare 
operation. 


The user 
is required 
to time the programming 
pulse 


width in order to issue the program verify command. 
An 


integrated 
stop timer prevents 
any possibility 
of over- 


programming. 
Upon completion 
of this sequence 
the 


data is read back from the device and compared 
by the 


user with the data intended to be written: if there is not a 
match, the sequence 
is repeated until there is a match or 


the sequence 
has been repeated 
25 times. 


AMD's Embedded 
Programming 
algorithm 
requires the 


userto only write a program set-up command and a pro- 
gram command 
(program 
data and address). 
The de- 


vice automatically 
times the programming 
pulse width, 
provides 
the program 
verify and counts the number of 


sequences. 
A status 
bit, Data Polling, 
provides 
feed- 


back to the user as to the status of the programming 
op- 


eration. 


Embedded 
Erase Algorithm 
YS. Flasherase 
Erase 


Algorithm 


The Flasherase 
Erase algorithm 
requires the device to 


be completely 
programmed 
prior to executing 
an erase 


command. 
To invoke the erase operation the userwrites 


an erase set-up command, 
an erase command, 
and an 
erase verify command. 
The user is required to time the 
erase pulse width in order to issue the erase verify com- 
mand. An integrated 
stop timer prevents 
any possibility 
of overerasure. 
Upon completion 
of this sequence 
the 


data is read back from the device and compared 
by the 
user with 
erased 
data. 
If there 
is not 
a match, 
the 
sequence 
is repeated 
until 
there 
is a match 
or the 
sequence 
has been repeated 
1,000 times. 


AMD's Embedded 
Erase algorithm 
requires the user to 
only write an erase set-up command 
and erase com- 
mand. The device 
will automatically 
pre-program 
and 


verify the entire 
array. Then the device 
automatically 


times the erase pulse width, provides 
the erase verify 


and counts the number of sequences. 
A status bit, Data 


Polling, provides feedback 
to the user as to the status of 


the erase operation. 


Commands 
are written to the command 
register 
using 


standard 
microprocessor 
write timings. 
Register 
con- 


tents serve as inputs to an internal state-machine 
which 


controls 
the erase 
and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 
operations. 
For 
system 
design 
simplification, 
the 
Am28F010A 
is designed 
to support 
either WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 
whichever 
occurs last. Data is latched on the rising edge 


of WE or CE whichever 
occurs first. To simplify the fol- 


lowing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F010A 
electrically 
erases all bits simultaneously 


using Fowler-Nordheim 
tunneling. 
The bytes are pro- 


grammed one byte at a time using the EPROM program- 
ming mechanism 
of hot electron 
injection. 


Vcc 
- 


Vss 
- 


Vpp 


Command 
Register 
Chip Enable 
Output 
Enable 
Logic 


Family 
Part 
No. 
Am28F010A 


Ordering 
Part No: 


±10% 
Vcc Tolerance 
·90 
·120 
·150 
·200 
·250 


±5% 
Vcc Tolerance 
·95 


Max Access 
Time 
(ns) 
90 
120 
150 
200 
250 


CE (E) Access 
(ns) 
90 
120 
150 
200 
250 


OE (G) Access 
(ns) 
35 
50 
55 
55 
55 
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CONNECTION DIAGRAMS 
DIP 


Vpp 
Vcc 


A16 
WE(W) 


A15 
NC 


A12 
A14 


A7 
A13 


A6 
A8 


A5 
A9 


A4 
All 


A3 
OE(G) 


A2 
Al0 


Al 
CE(E) 


AO 
DO? 


DOO 
D06 


DOl 
D05 


D02 
D04 


Vss 
D03 


167788-2 


Note: 
Pin 1 is marked 
for orientation. 


'Also 
available 
in LCC. 


A7 


A6 


A5 


A4 


A3 


A2 


Al 


AO 


DOO 


PLCC· 


I~ 


'" 
III 
CD 
g; 
g I~() 
;:;: ;:;: ;:;: » 
z 


4 
3 
1 3231 
30 
• 
A14 
5 
29 


6 
28 
A13 


7 
27 
AS 


8 
26 
A9 


9 
25 
All 


10 
24 
OE(G) 


11 
23 
Al0 


12 
22 
CE (E) 


13 
21 
D07 


14 15 16 17 18 19 20 


~ '" 


• 
<Il 
(") 
'<t 
III 
CD 
00 ;;0000 
00 
0000 


AMD~ 


TSOP PACKAGES 


All 
1 0 
32 
OE 
A9 
2 
31 
Al0 
A8 
3 
30 
CE 
A13 
4 
29 
07 
A14 
5 
28 
06 


NC 
6 
27 
05 
WE 
7 
26 
04 


Vcc 
8 
25 
03 
Vpp 
9 
24 
Vss 
A16 
10 
23 
02 
A15 
11 
22 
01 
A12 
12 
21 
00 
A7 
13 
20 
AD 
A6 
14 
19 
Al 
AS 
15 
18 
A2 
A4 
16 
17 
A3 


28F010A 
Standard 
Pinout 


OE 
1 V 
32 
All 
Al0 
2 
31 
A9 
CE 
3 
30 
A8 
07 
4 
29 
A13 
06 
5 
28 
A14 
05 
6 
27 
NC 
04 
7 
26 
WE 
03 
8 
25 
Vcc 
Vss 
9 
24 
Vpp 
02 
10 
23 
A16 
01 
11 
22 
A15 
00 
12 
21 
A12 
AO 
13 
20 
A7 
Al 
14 
19 
A6 
A2 
15 
18 
A5 
A3 
16 
17 
A4 


28F010A 
Reverse 
Pinout 
167786-4 


28F010A 
128K x 8 Flash Memory 
in 32-Lead 
TSOP 


LOGIC SYMBOL 


CE (E) 


OE (G) 


WE(W) 


ORDERING INFORMATION 
Standard Products 


AMD standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The ordering 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


C 
BL 


OPTIONAL 
PROCESSING 
Blank 
Standard 
Processing 
B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C 
Commercial 
(O°C to +70°C) 


I 
Industrial 
(-40°C 
to +85°C) 


E 
Extended 
(-55°C 
to +125°C) 


PACKAGE 
TYPE 
P 
= 32-Pin 
Plastic 
DIP (PD 032) 


J 
= 32-Pin 
Rectangular 
Plastic 
leaded 
Chip Carrier 
(Pl 
032) 
E = 32-Pin 
TSOP 
Standard 
Pinout 
(TS 032) 
F = 32-Pin 
TSOP 
Reverse 
Pinout 
(TSR 032) 


D = 32-Pin 
Ceramic 
DIP (CD 032) 


l 
32-Pin 
Rectangular 
leadless 
Chip 
Carrier 
(ClR 
032) 


SPEED 
See Product 
Selector 
Guide 
and 
Valid 
Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F010A 
1 Megabit 
(128K 
x 8-Bit) 
CMOS 
Flash Memory 
with Embedded 
Algorithms 


Valid 
Combinations 


AM28F010A·90 
PC, JC, EC, FC, 


AM28F010A-95 
DC, lC 


AM28F010A-120 
PC, PI, JC, JI, PE, 


AM28F010A-150 
PEB, JE, JEB, 
EC, 


AM28F010A-200 
FC, EI, FI, EE, FE, 


EEB, FEB, DC, DI, 


DE, DEB, lC, 
L1, 


lE, 
lEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 
be supported 
in volume 
for this device. 
Consult 


the local AMD sales oliice 
to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 
released 
combinations. 


ORDERING INFORMATION 


APL Products 


AMD products 
for Aerospace 
and Defense 
applications 
are available 
in several 
packages 
and operating 
ranges. 
APL (Approved 
Products 
List) products 
are fully compliant 
with MIL-STD·883C 
requirements. 
The order number 
(Valid Combination) 
is formed 
by 
a <Xjmbination 
of: 
1_1- 


LEAD 
FINISH 
A 
= Hot Solder 
Dip 


PACKAGE 
TYPE 
X = 32-Pin 
Ceramic 
DIP (CD 032) 


U = 32·Pin 
Rectangular 
Ceramic 


Leadless 
Chip Carrier 
(CLR 032) 


SPEED 
OPTION 
See Product 
Selector 
Guide 
and 
Valid Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F010A 
1 Megabit 
(128K 
x 8-Bit) 
CMOS 
Flash Memory 
with Embedded 
Algorithms 


Valid 
Combinations 


AM28F010A-120 


AM28F010A-150 


AM28F010A-200 


/BXA, 
/BUA 


AM78F010A-250 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 


be supported 
in volume 
for this 
device. 
Consult 
the local AMD sales office to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 


released 
combinations. 


Group 
A Tests 


Group 
A tests consist 
of Subgroups 


1,2,3,7,8,9,10,11. 


PIN DESCRIPTION 
Ao-A16 
Address 
Inputs for memory 
locations. 
Internal 
latches 


hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active low input activates 
the chip's 


control 
logic and input buffers. 
Chip Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DQo-DQ7 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 
nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 


Power supply for erase and programming. 
Vpp must be 


at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 


alter the memory array contents. 
Memory contents can- 


not be altered when Vpp ~ Vcc +2 V. 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 


function of the command 
register to the memory 
array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


';;2-.;.1::;7;;;0------------:-:12=-.:-:-OV:-O":-,t-, 
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The Am28F01 OA uses 100% TTL-Ievel control inputs to 
manage the command 
register. 
Erase and reprogram- 
ming operations 
use a fixed 12.0 V ± 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F01 OA functions 
as 
a read 
only 
memory 
and 
operates 
like 
a standard 
EPROM. 
The 
control 
inputs 
still 
manage 
traditional 
read, standby, 
output disable, and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 


age is applied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 
addition, 
two-cycle 
commands 
are required 
for erase 
and reprogramming 
operations. 
The traditional 
read, 


standby, 
output 
disable, 
and Auto 
select 
modes 
are 
available 
via the register. 


Th1eAm28F010A's 
command 
register 
is written 
using 
standard 
microprocessor 
write 
timings. 
The 
register 


controls 
an internal state machine that manages all de- 
vice operations. 
For system 
design 
simplification, 
the 
Am28F010A 
is designed 
to support 
either WE or CE 
controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 
dresses 
are latched 
on the falling 
edge of WE or CE 
whichever 
occurs last. Data is latched on the rising edge 
of WE orCE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 
control pin throughout 
the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 


Embedded 
Erase Algorithm 


AMD now makes erasure extremely 
simple and reliable. 


The Embedded 
Erase 
algorithm 
requires 
the user to 
only write an erase set-up command 
and erase com- 


mand. The device 
will automatically 
pre-program 
and 
verify the entire array. The device 
automatically 
times 
the erase pulse width, 
provides 
the erase verify 
and 
counts the number of sequences. 
A status bit, similar to 
Data Polling, 
provides 
feedback 
to the user as to the 
status of the erase operation. 


Embedded 
Programming 
Algorithm 


AMD now makes programming 
extremely 
simple 
and 
reliable. 
The 
Embedded 
Programming 
algorithm 
requires 
the 
user 
to 
only 
write 
a 
program 
set-up 
command 
and a program 
command. 
The device 
auto- 
matically times the programming 
pulse width, provides 
the 
program 
verify 
and 
counts 
the 
number 
of 
se- 
quences. 
A status bit, similar to Data Polling, provides 
feedback to the user as to the status of the programming 
operation. 


Data Protection 


The Am28F01 OA is designed 
to offer protection 
against 
accidental erasure or programming, 
caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F01 OApowers up in its read only state. 
Also, with its control 
register 
architecture, 
alteration 
of 
the memory contents only occurs after successful 
com- 
pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 
prevent inadvertent 
write cycles resulting form Vcc 
power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
cir- 
cuits 
are disabled. 
The device 
will reset to the 
read 
mode. 
Subsequent 
writes will be ignored until the Vcc 
level is greater than VLKO. It is the users responsibility 
to 
ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" 
Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = VIH or WE = VIH. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = VIL and OE = V IH 
will not accept commands 
on the rising edge of WE. The 
internal state machine is automatically 
reset to the read 
mode on power-up. 


FUNCTIONAL DESCRIPTION 


Description of User Modes 


Operation 
Vpp 
CE(E) 
OE(G) 
WE(W) 
(Note 
1) 
AO 
A9 
110 


Read 
VIL 
VIL 
X 
VPPL 
AO 
A9 
Dour 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output 
Disable 
VIL 
VIH 
VIH 
VpPL 
X 
X 
HIGHZ 
Read·Only 
Auto-select 
Manufacturer 
VIL 
VIL 
VIH 
VPPL 
VIL 
VID 
CODE 
Code 
(Note 2) 
(Note 3) 
(01H) 


Auto-select 
Device 
Code 
VIL 
VIL 
VIH 
VPPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(A2H) 


Read 
VIL 
VIL 
VIH 
VPPH 
AO 
A9 
Dour 
(Note 4) 


Standby 
(Note 5) 
VIH 
X 
X 
VPPH 
X 
X 
HIGHZ 
ReadlWrlte 
VPPH 
X 
HIGHZ 
Output 
Disable 
VIL 
VIH 
VIH 
X 


Write 
VIL 
VIH 
VIL 
VPPH 
AD 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
V,Lor V,H levels, 
VPPL= Vpp 5{ Vee + 2 V, See DC Characteristics 
for voltage 


(evels of VPPH, 0 V < An < 'Vee + 2 V, (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or 5{ Vee +2.0 
V. VPPH is the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 
11.55{VID 5{13.0 V 


4. 
Read operation 
with Vpp = VPPH may access 
array data or the Auto select codes. 


5. 
With Vpp at high 
voltage, 
the standby 
current is Ice + Ipp (standby). 


6. 
Refer 
to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
VIL or VIH levels. 
In the Auto select 
mode 
all 


addresses 
except 
A9 and AO must be held at VIL. 


READ ONLY MODE 


Vpp < Vcc + 2 V 
Command Register Inactive 


Read 


The Am28F01 OAfunctions as a read only memory when 


Vpp < Vcc + 2 V. The Am28F01 OA has two control func-' 
tions. Both must be satisfied 
in order to output data. CE 
controls power to the device. This pin should be used for 
specific 
device 
selection. 
OE controls 
the device 
out- 
puts and shou Id be used to gate data to the output pins if 
a device is selected. 


Address access time IAcc is equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 
cess time tCE is the delay from stable addresses 
and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to yalid data at the output pins (assuming the addresses 
have been stable at least tACC- tOE). 


Standby 
Mode 


The Am28F01 OA has two standby 
modes. The CMOS 


standby mode (CE input held at Vcc ± 0.5 V), consumes 
less than 100 JlA of current. TTL standby 
mode (CE is 
held at VIH) reduces 
the current 
requirements 
to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 
ming, or program/erase 
verification, 
the device will draw 
active current until the operation 
is terminated. 


Output 
Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 
pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 
dered to the circuit board upon receipt of shipment 
and 
programmed 
in-system. 
Alternatively, 
the device 
may 
initially be programmed 
in a PROM programmer 
prior to 
soldering the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended forthe 
purpose of auto- 
matically matching the device to be programmed 
with its 
corresponding 
programming 
algorithm. 
This 
mode 
is 
functional 
over 
the 
entire 
temperature 
range 
of the 
device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 
must force VID (11.5 V to 13.0 V) on address 
A9. Two 
identifier bytes may then be sequenced 
from the device 
outputs by toggling address AO from VILto VIH. All other 


address lines must be held at VIL, and Vpp must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = VIL) represents 
the manufacturer 
code and byte 1 (AO = VIH)the device identifier code. For 
the Am28F01 OA these two bytes are given in the table 
below. All identifiers for manufacturer 
and device codes 
will exhibit odd parity with the MSB (007) defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and READ 
MODE 
section 
for program- 
ming the Flash memory device in-system). 


Code 
Type 
AO 
(HEX) 
D07 
D06 
D05 
D04 
D03 
D02 
D01 
DOO 


Manufacturer Code 
VIL 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device Code 
VIH 
A2 
1 
0 
1 
0 
0 
0 
1 
0 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command Register Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 
activate the command 
register. Data written to the regis- 
ter serves 
as input to the internal 
state machine. 
The 
output of the state machine determines 
the operational 
function 
of the device. 


The command 
register does not occupy an addressable 
memory 
location. 
The register is a latch that stores the 
command, 
along with the address and data information 
needed to execute the command. 
The register is written 
by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 
dresses 
are latched 
on the falling 
edge of WE, while 
data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings 
are used. 


The device requires the OE pin to be VIH for write opera- 
tions. 
This condition 
eliminates 
the possibility 
for bus 
contention 
during programming 
operations. 
In order to 
write, OE must be VIH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 
not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 
(Read Mode) in the absence 
of high voltage 
applied to 
the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 
cific data codes 
into the command 
register. 
Table 
3 


defines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when Vpp is high. To read from the device. write 
OOHinto the command 
register. Standard 
microproces- 
sor read cycles 
access 
data 
from 
the 
memory. 
The 


device will remain in the read mode until the command 
register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 
upon Vpp power-up. 
The OOH(Read Mode) register de- 
fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 
memory contents 
does not occur during the Vpp power 


transition. 
Refer to the AC Read Characteristics 
and 
Waveforms 
for the specific timing parameters. 


First 
Bus Cycle 
Second 
Bus 
C cle 


Operation 
Address 
Data 
Operation 
Address 
Data 
Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read 
Memory 
(Note 4) 
Write 
X 
OOH/FFH 
Read 
RA 
RO 


Read Auto select 
Write 
X 
SOH or 90H 
Read 
OOH/01 H 
01H/A2H 


Embedded 
Erase 
Set-up/ 
Write 
X 
30H 
Write 
X 
30H 
Embedded 
Erase 


Embedded 
Program 
Set-up/ 
Write 
X 
10H or SOH 
Write 
PA 
PO 
Embedded 
Program 


Reset 
(Note 4) 
Write 
X 
FFH 
Write 
X 
FFH 


Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 


PA = Address 
of the memory 
location 
to be programmed. 


Addresses 
are latched 
on the falling 
edge of the WE pulse. 


X = Don't 
care. 


3. 
RD = Data read from location 
RA during 
read operation. 
PO = Data 
to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


4. 
Please 
reference 
Reset 
Command 
section. 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD's Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic 
chip erase does not require the device to 
be entirely pre-programmed 
prior to executing 
the Em- 
bedded 
set-up erase command 
and Embedded 
erase 
command. 
Upon executing 
the Embedded 
erase com- 
mand the device automatically 
will program 
and verify 
the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls or timing dur- 
ing these operations. 


When the device is automatically 
verified to contain an 
all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation 
are complete 
when the 
data on DO? is "1" (see Write Operation 
Status section) 


at w~ich time the device returns to Read mode. The sys- 
temlis not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded 
Erase algorithm, 
the erase 
automatically 
terminates 
when adequate 
erase margin 
has been achieved for the memory array (no erase ver- 
ify command 
is required). The margin voltages are inter- 
nally 
generated 
in the 
same 
manner 
as when 
the 
standard 
erase verify command 
is used. 


The Embedded 
Erase Set-Up command 
is a command 
only operation that stages the device for automatic 
elec- 


trical erasure of all bytes in the array. Embedded 
Erase 
Set-Up 
is performed 
by writing 
30H to the command 
register. 


To commence 
automatic 
chip erase, the command 
30H 
must be written 
again 
to the command 
register. 
The 
automatic erase begins on the rising edge of the WE and 
terminates 
when the data on DO? is "1" (see Write Op- 


eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate 
the Embedded 
Erase 
algorithm, 
a typical command 
string and bus operation. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp to VPPH (1) 


Write 
Embedded 
Erase 
Data = 30H 
Set-Up 
Command 


Write 
Embedded 
Erase 
Data = 30H 
Command 


Read 
Data Polling 
to Verify 
Erasure 


Standby 
Compare 
Output 
to FFH 


Read 
Available 
for Read Operations 


Note: 


1. 
See DC Characteristics 
for value of VPPL. The VPPpower 
supply 
can be hard-wired 
to the device 
or switchable. 
When VPP is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. Refer 
to Functional 


Description. 


Embedded Programming Algorithm 


The Embedded 
Program Set-Up is a command only op- 


era~ion that stages the device 
for automatic 
program- 


ming. 
Embedded 
Program 
Set-Up 
is performed 
by 


writing 
1OH or SOH to the command 
register. 


Once the Embedded 
Set-Up Program operation 
is per- 


formed, the next WE pulse causes a transition 
to an ac- 


tive programming 
operation. 
Addresses 
are latched on 


the falling edge of CE or WE pulse, whichever 
happens 
later. Data is latched on the rising edge of WE or CE, 
whichever 
happens 
first. The rising edge of WE also 


begins the programming 
operation. 
The system 
is not 
required to provide further controls 
or timings. 
The de- 
vice will automatically 
provide 
an adequate 
internally 
generated 
prograrn 
pulse and verify rnargin. The auto- 
rnatic prograrnrning 
operation 
is completed 
when the 
data on DO? is equivalent 
to data written to this bit (see 
Write Operation 
Status section) at which time the device 
returns to Read mode. 


Figure 6 and Table S illustrate the Embedded 
Program 
algorithm, 
a typical command 
string, and bus operation. 


Bus 
Operations 
Command 
Comments 


Standby 
Wait for VPp Ramp 
to VPPH (1) 


Write 
Embedded 
Program 
Data = 1OH or SOH 
Set-Up 
Command 


Write 
Embedded 
Program 
Valid Address/Data 
Command 


Read 
Data Polling to Verify 
Completion 


Read 
Available 
for Read Operations 


Note: 


1. 
See DC Characteristics 
for value of VPPH. The Vpppower 
supply 
can be hard-wired 
to the device or switchable. 
When 
Vpp is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, or less than Vcc + 2.0 V. Refer to Functional 
Descrip- 
tion. Device 
is either powered-down, 
erase 
inhibit or program 
inhibit. 


Write Operation Status 


Data Polling-DO? 


The Am28F01 OA features 
Data Polling as a method to 


indicate 
to the host system 
that the Embedded 
algo- 


rithms are either in progress 
or completed. 


While the Embedded 
Programming 
algorithm 
is in op- 
eration, an attempt to read the device at a valid address 
will produce the complement 
of expected 
Valid data on 


007. 
Upon completion 
of the Embedded 
Program algo- 
rithm an attempt to read the device at a valid address will 
produce Valid data on 007. 
The Data Polling feature is 


valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 


While the Embedded 
Erase algorithm 
is in operation, 


007 
will read "0" until the erase operation 
is completed. 


Upon completion 
of the erase operation, 
the data on 


007 
will read "1." The Data Polling feature is valid after 


the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming 
or erase algorithms. 


See Figures 7a and 8a forthe 
Data Polling timing speci- 
fications 
and diagrams. 
Data 
Polling 
is the standard 


method to check the write operation 
status, however, an 


alternative 
method is available 
using Toggle Bit. 


Read Byte 
(000-007) 
Addr=VA 


VA 
= Byte address 
for programming 
= XXXXH 
during 
chip erase 


Read Byte 
(000-007) 


Addr=VA 


Note: 


1. 
007 
is rechecked even if 005="1" 
because 007 
may change simultaneously 
with 005 or after 005. 


Toggle Bit-DOG 


The 
Am28F010A 
also 
features 
a "Toggle 
Bit" as a 


method to indicate to the host system that the Embed- 
ded algorithms 
are either in progress 
or completed. 


Successive 
attempts 
to read data from the device at a 


valid address, 
while the Embedded 
Program algorithm 


is in progress, 
or at any address 
while the Embedded 


Erase algorithm 
is in progress, 
will result in DOG tog- 


gling between 
one and zero. Once the Embedded 
Pro- 
gram or Erase algorithm 
is completed, 
D06 will stop 


toggling 
to indicate the completion 
of either Embedded 


operation. 
Only on the next read cycle will valid data be 


obtained. 
The toggle bit is valid after the rising edge of 


the first WE pulse of the two write pulse sequence, 
un- 


like Data Polling which is valid after the rising edge of the 
second WE pulse. This feature allows the userto 
deter- 


mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 


Read Byte 
(000-007) 


Addr=VA 


Read Byte 
(000-007) 


Addr=VA 


VA = Byte address for programming 


= XXXXH during chip erase 


Note: 


I. 
D06 
is rechecked 
even if D05="I" 
because 
D06 
may stop toggling 
at the same 
time as D05 
changing 
to "1". 


OOO-OOS )>------- ...(... 
S....« OOO-OOS=lnvalid 


Note: 


°DQ7=Valid 
Data (The device 
has completed 
the Embedded 
operation). 


DOS 
Exceeded 
Timing 
Limits 


DOS will indicate 
if the program 
or erase time has ex- 
ceeded 
the specified 
limits. This is a failure 
condition 
and the device 
may not be used again (internal 
pulse 
count exceeded). 
Under these conditions 
DOS will pro- 


duce 
a "1." 
The 
program 
or 
erase 
cycle 
was 
not 


successfully 
completed. 
Data Polling is the only operat- 
ing function of the device under this condition. 
The CE 
circuit will partially power down the device under these 
conditions 
(to approximately 
2 mAl. 
The OE and WE 


pins 
will 
control 
the 
output 
disable 
functions 
as 
described 
in Table 1. 


CE f\ ------------------------------- 


Note: 


'OQ6 stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 


Parallel 
Device 
Erasure 


The Embedded 
Erase algorithm greatly simplifies paral- 
lel device erasure. Since the erase process is internal to 
the device, 
a single 
erase command 
can be given to 
multiple devices concurrently. 
By implementing 
a paral- 
lel erase algorithm, 
total erase time may be minimized. 


Note that the Flash memories 
may erase at different 
rates. If this is the case, when a device 
is completely 
erased, use a masking code to prevent further erasure 
(over-erasure). 
The other devices will continue to erase 
until verified. 
The masking 
code applied 
could be the 
read command 
(OOH). 


Power-Up 
Sequence 


The Am28F010A 
powers-up 
in the Read only mode. 
Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memo/)(. de- 
vice to the Read mode. In addition, 
it also provides the 
user with a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset must be written two consecutive 
times after 


the Set-up Program 
command 
(10H or SOH). This will 
reset the device to the Read mode. 


Following 
any other 
Flash command, 
write the Reset 
command 
once to the device. This will safely abort any 
previous operation 
and initialize the device to the Read 
mode. 


The Set-up Program command 
(1OH or SOH) is the only 
command 
that 
requires 
a two-sequence 
reset cycle. 


The first 
Reset 
command 
is interpreted 
as program 


data. However, 
FFH data is considered 
as null data dur- 
ing programming 
operations 
(memory cells are only pro- 
grammed 
from a logical "1" to "0"). The second 
Reset 
command 
safely aborts the programming 
operation 
and 


resets the device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 
prove easier to always 
issue the Reset command 
two 
consecutive 
times. This eliminates 
the need to deter- 
mine if you are in the Set-up Program 
state or not. 


~ 
AMD 


In-System 
Programming 
Considerations 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device may be sol- 
dered to the circuit board upon receipt of shipment 
and 
programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 
soldering 
the device to the circuit board. 


Auto 
Select 
Command 


AMO's Flash memories 
are designed for use in applica- 
tions where the local CPU alters memory contents. 
In or- 
derto correctly program any Flash memories in-system, 
manufacturer 
and device 
codes 
must 
be accessible 
while the device 
resides 
in the target 
system. 
PROM 


programmers 
typically 
access 
the signature 
codes by 
raising A9 to a high voltage. However, 
multiplexing 
~igh 
voltage 
onto address 
lines is not a generally 
desired 
system design practice. 


The Am28F01 OA contains 
an Auto Select operation 
to 
supplement 
traditional 
PROM programming 
methodolo- 
gies. The operation 
is initiated by writing 80H or 90H into 
the command 
register. 
Following this command. 
a read 
cycle address OOOOHretrieves the manufacturer 
code of 
01H (AMO). A read cycle from address 
0001H 
returns 
the device code A2H (see Table 2). To terminate 
the op- 


eration, it is necessary 
to write another valid command. 


such as Reset (FFH), into the register. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to +150°C 


Plastic Packages 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
.. . . . . . . . . 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp 
(Note 1) .. . . . . . . . . . . . . . 
-2.0 
V to +7.0 V 


Vcc(Note1) 
-2.0 
Vto 
+7.0 V 


A9 (Note 2) 
-2.0 
V to +14.0 V 


Vpp (Note 2) . . . . . . . . . . . . . . . . .. 
-2.0 
V to + 14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or I/O pins is -<J.5 V. During 


voltage 
transitions. 
inputs may overshoot 
Vss to -2. 0 Vfor 
periods 
of up to 20 ns. Maximum 
DC voltage on output and 


I/O pins is Vcc + 0.5 V. During 
voltage 
transitions. 
outputs 


may overshoot 
to Vcc + 2.0 
V for periods 
up to 20ns. 


2. 
Minimum 
DC input voltage 
on A9 and 
Vpp pins is -0.5 
V. 


During 
voltage 
transitions. 
A9 and Vpp may overshoot 
Vss 
to -2.0 
V for periods 
of up to 20 ns. Maximum 
DC input 


voltage 
on A9 and Vpp is + 13.5 V which may overshoot 
to 
14.0 V for periods 
up to 20 ns. 


3. 
No more than one output 
shorted 
at a time. Duration 
of the 
short 
circuit 
should 
not be greater 
than one second 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings' 
may cause 
permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; functional 
operation 
of the device 
at these 
or any other 
conditions 
above 
those 
indicated 
in the opera- 
tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
device 
to absolute 
maximum 
rating 
conditions 
for 
ex- 


tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Tcl 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Tel 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Vec Supply 
Voltages 
Vcc for Am28F01 OA-X5 
+4.75 V to +5.25 V 


Vcc for Am28F01 OA-XXO 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program, 
Erase. and Verify 
+11.4 V to + 12.6 V 


Operating 
ranges 
define 
those 
limits between 
which 
the fun- 
tionality 
of the device 
is guaranteed. 


~ 
AMD 


MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 


20 ns 
20 ns 


~~r2«mx 


-2.0V~. 
.~ 
I 


Vcc + 0.5 V 


2.0 V 


20 ns 


~" 
"Noom 


20 ns 


~" 
'Noom 


DC CHARACTERISTICS 
over operating range unless otherwise specified (for APL 
Products, Group A, Subgroups 1, 2, 3, 7, and 8 are tested unless otherwise noted) 
(Notes 1-4) 


DC CHARACTERISTICS-TTUNMOS 
COMPATIBLE 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
J.1A 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
J.1A 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
0.2 
1.0 
mA 


CE = VIH 


ICCl 
Vcc Active 
Read Current 
Vcc = Vcc Max, CE = VIL.OE 
= VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


ICC3 
Vcc Erase Current 
CE = VIL 
10 
30 
mA 
Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
±1.0 
J.1A 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 


Vpp = VpPL 
±1.0 
~A 


IpP2 
Vpp Programming 
Current 
Vpp = VpPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase 
Current 
Vpp = VpPH 
10 
30 
mA 
Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc = Vcc Min 


VOHl 
Output 
High Voltage 
IOH= -2.5 mA 
2.4 
V 


Vcc = Vcc Min 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
J.1A 


Vcc = Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vcc 
Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F010A 
must not be removed 
from (or inserted into) a socket when Vee or Vpp is applied. 


2. 
Ice! 
is tested with DE = V,H to simulate open outputs. 


3. 
Maximum 
active power 
usage is the sum of Ice and Ipp. 


4. 
Not 100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
J.1A 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
J.1A 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
15 
100 
J.1A 


CE = Vcc+ 
0.5 V 


Iccl 
Vcc Active 
Read Current 
Vcc = Vcc Max, CE = VIL, OE = VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


Icc3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VpPL 
± 1.0 
J.1A 


IpPl 
Vpp Read Current 
Vpp = VPPH 
70 
200 
J.1A 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vcc 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOH1 
IOH= -2.5 
mA, Vcc = Vcc Min 
0.85 


Output 
High Voltage 
Vcc 


VOH2 
IOH= -100 
flA, Vcc = Vcc Min 
Vcc 
V 


-0.4 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
J.1A 


Vcc= 
Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
ReadlWrite 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F010A 
must not be removed 
from (or inserted 
into) a socket 
when 
Vcc or Vpp is applied. 


2. 
ICCl is tested 
with DE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Icc and Ipp. 


4. 
Not 
100% tested. 


20 


IceActive 
15 
in mA 
--- 


55°C 
-0- 
ooe 
10 
-+- 
25°C 
---<>- 
lOoe 
---....- 
125°C 


5 


Figure 9. Am28F010A 
- Average 
Ice Active vs. Frequency 


Vee; 
5.5 V, Addressing 
Pattern; 
Minmax 


Data Pattern; 
Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN =0 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25°C, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read 
Only Operation (Notes 1-4) 


Parameter 
Am28F010A 


Symbols 


-90 
·120 
-150 
-200 
·250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read Cycle 
Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tELQV 
tCE 
Chip Enable 
Min 
Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


tAVQV 
tACC 
Address 
Min 


Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


tGLQV 
tOE 
Output 
Enable 
Min 
Access 
Time 
Max 
35 
50 
55 
55 
55 
ns 


tELQX 
tLZ 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tEHQZ 
tDF 
Chip Disable 
to 
Min 


Output 
in High Z (Note 3) 
Max 
20 
30 
35 
35 
35 
ns 


tGLQX 
tOLZ 
Output 
Enable 
to 
Min 
0 
0 
a 
a 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHQZ 
tDF 
Output 
Disable 
to 
Min 
Output 
in High Z (Note 4) 
Max 
20 
30 
35 
35 
35 
ns 


tAXQX 
tOH 
Output 
Hold from first of 
Min 
a 
a 
0 
a 
a 
ns 
Address, 
CE, or OE Change 
Max 
(Note 4) 


tWHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
ILs 
Time 
before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
ILs 
Valid 
Read 
(Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and CL = 100 pF 


Input Rise and Fall Times: 510 
ns 
Input Pulse 
levels: 
0.45 to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F010A-95 
Output 
Load: 
1 TTL gate and CL = 100 pF 


Input Rise and Fall Times: 510 
ns 


Input Pulse levels: 
0 V to 3 V 
Timing Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 
3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F010A 
Symbols 
-90 
-120 
·150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twe 
Write Cycle Time 
Min 
90 
120 
150 
200 
250 
ns 


(Note 6) 
Max 


tAyWL 
tAS 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
ns 


Max 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
50 
60 
75 
75 
ns 
Max 


tDVWH 
tDS 
Data Set-Up 
Time 
Min 
45 
50 
50 
50 
50 
ns 
Max 


tWHDX 
tDH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
ns 
Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
ns 


for Embedded 
Algorithm 
Max 
only (See Figure 
8) 


tGHWL 
Read Recovery 
Time 
Min 
0 
0 
0 
0 
0 
IlS 
before 
Write 
Max 


tELWLE 
tesE 
Chip Enable 
Embedded 
Min 
20 
20 
20 
20 
20 
ns 


Algorithm 
Setup 
Time 
Max 


tWHEH 
teH 
Chip Enable 
Min 
0 
0 
0 
0 
0 
ns 


Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
50 
60 
60 
60 
ns 


Max 


twHWL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
ns 


Width 
HIGH 
Max 


tWHWH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
IlS 


Operation 
(Note 4) 
Max 


tWHWH4 
Embedded 
Erase 
Typ 
5 
5 
5 
5 
5 
S 
Operation 
(Note 5) 
Max 


tv PEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tves 
Vee Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
Ils 


Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
ns 
90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VPPL (Note 6) 
Max 


tLKO 
Vee < VLKO 
Min 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
readIWrite 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 


9haracteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28FOI0A-95. 
Input Rise and Fall times: 510 
ns; Input Pulse 
Levels: 
0.45 
V to 2.4 V 


Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28FO1 OA-95. Input Rise and Fall times: 
510 
ns; Input Pulse 
Levels: 
0.0 V to 3.0 V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 14/ls consists 
of 10/lS program 
pulse 
and 4/ls 
write recovery 
before 
read. 
This is 


the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 sec consists 
of 4 sec array pre-programming 
time and one sec array 
erase 
time. 
This is a 
typical 
time for one embedded 
erase operation. 


6. 
Not 
100% tested. 


Will be 
Steady 


Will be 
Changing 
from 
H to L 


Will be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off"State 


KSOOOO10 


Must be 
Steady 
\\\\\ 


May 
Change 
from H to L 
///0 


May 
Change 
from 
L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Device 
and 
Outputs 
Data 
Power-up, 
Standby 
Address 
Selection 
Enabled 
Valid 


5.0 V 
Vcc 
OV 


Figure 10. AC Waveforms 
for Read Operations 


12.0 Volt, Bulk Erase Flash Memories 


Embedded 
Embedded 
Erase Set-Up 
Erase 


Note: 


1. 
007 
is the output of the complement 
of the data written to the device. 


Embedded 
Program 
Set-Up 
Embedded 
Program 


Notes: 


1. 
DIN is data input to the device. 


2. 
DOl is the output 
of the complement 
of the data written 
to the device. 


3. 
Dour 
is the output 
of the data 
written 
to the device. 


AC CHARACTERISTICS-Write/Erase/Program 
Operations (Notes 1- 6) 


Alternate CE Controlled Writes 


Parameter 
Am28F010A 
Symbols 
-90 
-120 
-150 
-200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twc 
Write Cycle 
Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 6) 
Max 


IAVEL 
tAS 
Address 
Set-Up 
Time 
Min 
a 
a 
a 
a 
a 
ns 
Max 


tELAX 
tAH 
Address 
Hold Time 
Min 
45 
50 
60 
75 
75 
ns 
Max 


tOVEH 
tos 
Data Set-Up 
Time 
Min 
45 
50 
50 
50 
50 
ns 
Max 


tEHOX 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
ns 
Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 
only (See Figure 
8) 


tG'JlEL 
Read 
Recovery 
Time 
Min 
a 
a 
a 
a 
a 
Ils 
Before 
Write 
Max 


tWLEL 
tws 
WE Set-Up 
Time 
Min 
a 
a 
a 
a 
a 
ns 
by CE 
Max 


tEHWK 
tWH 
WE Hold Time 
Min 
a 
a 
a 
a 
a 
ns 
Max 


tELEH 
tcp 
Write 
Pulse Width 
Min 
65 
70 
80 
80 
80 
ns 
Max 


tE~EL 
tCPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tEHEH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
Ils 
Operation 
(Note 4) 
Max 


tEHEH4 
Embedded 
Erase 
Min 
3 
3 
3 
3 
3 
s 
Operation 
(Note 5) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW 
(Note 6) 
Max 


tvcs 
Vcc 
Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
Ils 
Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VpPL (Note 6) 
Max 


tLKO 
Vcc< 
VLKO 
Min 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 
Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F010A-95. 
Input Rise and Fall times:::; 
10 ns; Input Pulse 
Levels: 
0.45 
V to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F010A-95. 
Input Rise and Fall times:::; 
10 ns; Input Pulse 
Levels: 
0.0 V to 3.0 V 


Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 14/ls 
consists 
of 10 liS program 
pulse 
and 4/ls 
write recovery 
before 
read. 
This is 
the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 see consists 
of 4 see array pre-programming 
time and one see array 
erase 
time. 
This is a 
typical 
time for one embedded 
erase operation. 


6. 
Not 
100% tested. 


Embedded 
Program 
Set-Up 


Embedded 
Program 


Notes: 


1. 
DIN is data input to the device. 


2. 
DO? is the output 
of the complement 
of the data written 
to the device. 


3. 
Dour 
is the output 
of the data 
written 
to the device. 


Figure 13. AC Waveforms 
for Embedded 
Programming 
Operation 
Using CE Controlled 
Writes 


Device 
Under 
Test 


Diodes = IN3064 
or Equivalent 


2.0 V 
2.0 V 
>Test Points< 


0.8 V 
0.8 V 


Input 
Output 
::~~~~~~~x 
.5- 
Test Points 
-1.5X= 


Input 
Output 


AC Testing: 
Inputs are driven at 2.4 V for a 
logic"l" 
and 0.45 Vlor a logic "0". Input pulse 
rise and fall times are < 10 ns. 


AC Testing: 
Inputs are driven at 3.0 V for a 
logic "1" and 0 V for a logic "0". Input pulse rise 
and fall times are < 10 ns. 


Limits 


Max 
Parameter 
Min 
Typ 
(Note 
3) 
Unit 
Comments 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 
(Note 
1) 
(Note 2) 
prior to erasure 


Chip Programming 
Time 
2 
12.5 
s 
Excludes 
system-level 
overhead 
(Note 
1) 


Write/Erase 
Cycles 
100,000 
Cycles 


Byte Program 
Time 
14 
lJ.S 


96 
(Note 4) 
ms 


Notes: 


1. 25°C, 12 V Vpp 


2. 
The Embedded 
algorithm 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the Embedded 
Algorithm 
internal 
counter 


which allows 
for a maximum 
6000 pulses 
for both program 
and erase operations. 
Typical 
worst case for program 
and erase 
is significantly 
less than the actual 
device 
limit. 


4. 
Typical 
worst case = 84 flS. 005 = "1" only after a byte takes longer 
than 96 ms to program. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
110 pins 


(Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins 
1/0 pins 
-1.0 
V 
Vcc + 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


Parameter 
Test Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


DATA SHEET REVISION SUMMARY FOR 
Am28F010A 


Data sheet is Final now, and not Preliminary. 


Functional 
Description 
- Table 
1 


Legend: 
Vpp should be less than or equal to Vcc + 2 V 


Erase, 
Program, 
and Read Mode - Write 


Operations 


Removed 
Command 
Register Table and Bit 


assignments. 


Erase, 
Program 
and Read Mode - Read Command 


The statement 
requiring 
a 6 lJ.S wait before 
accessing 


the first addressed 
location was removed. 


Table 3 - Am28F010A 
Command 


Definitions 


The note describing 
a 6 ~s wait before accessing 
the 


first addressed 
location was removed. 


Figure 
5 - Embedded 
Erase Algorithm 


Clarified figure to illustrate the Embedded 
Erase Algorithm. 


Embedded 
Programming 
Algorithm 


Added 
references 
that addresses 
are also latched on 


the falling edge of CE, and data is also latched on the 
rising edge of CE, whichever 
happens 
later. 


Figure 
6 - Embedded 
Programming 


Algorithm 


Clarified figure to illustrate the Embedded 
Erase 


Algorithm. 


Write 
Operation 
Status 
- Data Polling 
DQ7 


Added statement 
that an attempt to read the device at a 


valid address will produce 
valid data on DO? 


Figure 
7a - Data Polling 
Algorithm 


Clarified figure to illustrate 
the Data Polling Algorithm. 


Write 
Operation 
Status 
- Toggle 
Bit DQ6 


Added statement 
that successive 
reads from the device 


will result in D06 toggling 
between 
'1' and '0'. 


Figure 
7b - Toggle 
Bit Algorithm 


Clarified figure to illustrate 
the Toggle Bit Algorithm 


Figure sa - AC Waveforms 
for Data 


Polling 
During 
Embedded 
Algorithm 


Operations 


Clarified figure to illustrate 
the Data Polling Algorithm. 


DQ5 - Exceeded 
Timing 
Limits 


Added statement 
that this is a failure condition 
and the 


device may not be used again. 


Figure 
8b - AC Waveforms 
for Toggle 
Bit During 


Embedded 
Algorithm 
Operations 


Clarified figure to illustrate the Toggle 
Bit Algorithm. 


Parallel 
Device 
Erasure 


Removed 
erroneous 
reference. 


Reset Command 


Added this section. 


In-System 
Programming 
Considerations 


Title was changed. 


Auto 
Select 
Command 


Added 
second 
paragraph 
describing 
the Auto 
select 


command. 


DC Characteristics 
- nUNMOS 
Compatible 


Added 
Note 4 - 
those 
characteristics 
are not 100% 


tested. 


DC Characteristics 
- CMOS Compatible 


Added 
Note 4 - 
those 
characteristics 
are not 100% 


tested. 


AC Characteristics 
- Write/Erase/Program 


Operations 
(Notes 
1-0) 


Embedded 
Programming 
Operation 
(tWHWH3) 


requires 
minimum 
of 14 ~s 


Figure 
11 - AC Waveforms 
for Embedded 
Erase 


Operation 


Data Polling section does not require a Program 
Address. 
DO? was inserted. 


Figure 
12 - AC Waveforms 
for Embedded 


Programming 
Operation 


Embedded 
Program section needs a Program Address. 


DO? was inserted. 


AC Characteristics 
- Write/Erase/Program 


Operations 
(Notes 
1-0) 


Alternate 
CE Controlled 
Writes 


Embedded 
Programming 
Operation 
(tEHEH3)requires 


minimum 
of 14 ~s. 


Figure 
13 - AC Waveforms 
for Embedded 
Pro- 


gramming 
Operation 
Using CE Controlled 
Writes 


Embedded 
Program section requires Program Address. 


DO? was inserted. 
Changed 
tWHWH3to tEHEH3. 


- 
Am28F020 


2 Megabit (262,144 x a-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory 


~ 
Advanced 
Micro 
Devices 


• High performance 
• Latch-up 
protected 
to 100 mA from 
-1 V to 


- 
90 ns maximum 
access time 
Vcc 
+1 V 


• CMOS Low power 
consumption 
• Flasherase 
Electrical 
Bulk Chip-Erase 


- 
30 mA maximum 
active current 
- 
One second typical chip-erase 


- 
100 lJA maximum 
standby current 
• Flashrlte 
Programming 


- 
No data retention 
power 
- 
10 l!S typical byte-program 
• Compatible 
with 
JEDEC-standard 
byte-wide 
- 
Four seconds typical chip program 
32-Pln 
EPROM pinouts 
• Command 
register 
architecture 
for mlcropro- 


-32-pin 
OIP 
cessor/microcontroller 
compatible 
write 


- 
32-pin 
PLCC 
interface 


- 
32-pin TSoP 
• On-chip 
address 
and data latches 
• 10,000 write/erase 
cycles 
minimum 
• Advanced 
CMOS flash 
memory 
technology 
• Write 
and erase voltage 
12.0 V ±5% 
- 
Low cost single transistor 
memory cell 
• Automatic 
write/erase 
pulse 
stop 
timer 


GENERAL DESCRIPTION 


The Am28F020 
is a 2 Megabit Flash memory organized 


as 256K bytes of 8 bits each. AMO's Flash memories of- 
fer the most cost-effective 
and reliable read/write 
non- 


volatile 
random 
access 
memory. 
The 
Am28F020 
is 
packaged 
in 32-pin 
POIP, PLCC, and TSoP 
versions. 
The device is also offered in the ceramic OIP package. It 
is designed 
to be reprogrammed 
and erased in-system 


or in standard 
EPROM programmers. 
The Am28F020 
is 


erased when shipped from the factory. 


The standard 
Am28F020 
offers access times as fast as 


90 ns, allowing 
operation 
of high-speed 
microproces- 
sors without 
wait states. 
To eliminate 
bus contention, 
the Am28F020 
has separate 
chip enable (GE) and out- 
put enable (OE) controls. 


AMO's Flash memories 
augment 
EPROM functionality 


with in-circuit 
electrical 
erasure 
and programming. 
The 


Am28F020 
uses a command 
register 
to manage 
this 


functionality, 
while 
maintaining 
a JEOEC 
Flash stan- 
dard 32-pin 
pinout. 
The command 
register 
allows 
for 


100% TTL level control 
inputs and fixed power supply 


levels during erase and programming. 


AMO's 
Flash technology 
reliably 
stores 
memory 
con- 
tents even after 10,000 erase and program cycles. The 


AMO cell is designed 
to optimize 
the erase 
and pro- 


gramming 
mechanisms. 
In addition, the combination 
of 


advanced tunnel oxide processing 
and low internal elec- 


tric fields for erase and programming 
operations 
pro- 


duces 
reliable 
cycling. 
The 
Am28F020 
uses 
a 


12.0 V ± 5% Vpp supply to perform 
the Flasherase 
and 


Flashrite algorithms. 


The highest degree 
of latch-up 
protection 
is achieved 


with 
AMO's 
proprietary 
non-epi 
process. 
Latch-up 


protection 
is provided for stresses 
up to 100 mA on ad- 


dress and data pins from -1 V to Vcc +1 V. 


The Am28F020 
is byte programmable 
using 10 l!S pro- 


gramming 
pulses 
in accordance 
with AMO's 
Flashrite 


programming 
algorithm. 
The typical 
room temperature 


programming 
time of the Am28F020 
is four seconds. 


The entire chip is bulk erased using 10 ms erase pulses 
according 
to AMO's Flasherase 
alrogithm. 
Typical era- 


sure at room temperature 
is accomplished 
in less than 


one second. 
The windowed 
package 
and the 
15-20 


minutes required for EPROM erasure using ultra-violet 
light are eliminated. 


GENERAL DESCRIPTION 


Commands 
are written to the command 
register 
using 


standard 
microprocessor 
write 
timings. 
Register 
con- 


tents serve as inputs to an internal state-machine 
which 


controls 
the erase 
and programming 
circuitry. 
During 


write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 


operations. 
For 
system 
design 
simplification, 
the 


Am28F020 
is designed to support either WE or CE con- 


trolled 
writes. 
During a system 
write cycle, addresses 


are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 


CE whichever 
occurs 
first. 
To simplify 
the following 


discussion, 
the WE pin is used as the write cycle control 


pin throughout 
the rest of this text. All setup and hold 


times are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM 
experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F020 
electrically 
erases 
all bits simultaneously 


using 
Fowler-Nordheim 
tunneling. 
The 
bytes 
are 


programmed 
one byte at a time using the EPROM pro- 


gramming 
mechanism 
of hot electron 
injection. 


Vcc 
_ 


Vss 
_ 


Vpp 


Command 


Register 
Chip 
Enable 
Output 
Enable 
Logic 


2,097,152 


Bit 


Cell Matrix 


Family 
Part 
No. 
Am28F020 


Ordering 
Part No: 


Vcc±5% 
-90 
-120 
·150 
-200 
-250 


Vcc±10% 
·95 


Max Access 
Time 
(ns) 
90 
120 
150 
200 
250 


CE (E) Access 
(ns) 
90 
120 
150 
200 
250 


OE (G) Access 
(ns) 
35 
50 
55 
55 
55 


~ 
AMD 


CONNECTION DIAGRAMS 


DIP 


Vpp 
Vcc 


A16 
WE(W) 


A15 
A17 


A12 
A14 
A7 


A7 
A13 
A6 


A6 
A8 
A5 


A5 
A9 
A4 


A4 
A11 
A3 


A3 
OE (<3) 
A2 


A2 
A10 
A1 


AO 


A1 
CE (E) 
DOO 
AD 
D07 


DOO 
D06 


D01 
D05 


D02 
D04 


Vss 
D03 


147270-2 


Note: 
Pin 1 is marked 
for orientation. 


PLCC 


I~ 
N 
III 
to 
it 81W 
~ 
< < < »3:< 


4 
3 
1 32 31 30 
• 
A14 
5 
29 


6 
28 
A13 


7 
27 
A8 


8 
26 
A9 


9 
25 
A11 


10 
24 
OE(G) 


11 
23 
A10 


12 
22 
CE (E) 
13 
21 
D07 


14 15 16 17 18 19 20 


~ 
N 
'" 
M ..,. 
III 
to 
00 >,0000 
00 
o 
0 
00 


147270-3 


AMD~ 


TSOP PACKAGES 


A11 
1 0 
32 
OE 
A9 
2 
31 
A10 


A8 
3 
30 
CE 
A13 
4 
29 
07 


A14 
5 
28 
06 
A17 
6 
27 
05 
WE 
7 
26 
04 


Vcc 
8 
25 
03 
Vpp 
9 
24 
Vss 


A16 
10 
23 
02 
A15 
11 
22 
01 
A12 
12 
21 
00 
A7 
13 
20 
AO 
A6 
14 
19 
A1 
A5 
15 
18 
A2 
A4 
16 
17 
A3 


28F020 Standard 
Pinout 


OE 
1 
"V 
32 
A11 
A10 
2 
31 
A9 
CE 
3 
30 
A8 
07 
4 
29 
A13 


06 
5 
28 
A14 


05 
6 
27 
A17 
04 
7 
26 
WE 
03 
8 
25 
Vcc 


Vss 
9 
24 
Vpp 


02 
10 
23 
A16 
01 
11 
22 
A15 


00 
12 
21 
A12 


AO 
13 
20 
A7 
A1 
14 
19 
A6 
A2 
15 
18 
A5 
A3 
16 
17 
A4 


28F020 Reverse 
Pinout 
14727D-4 


28F020 256K x 8 Flash Memory in 32-Lead 
TSOP 


L9G1C SYMBOL 


CE(E) 


OE (G) 


WE(W) 


ORDERING INFORMATION 


Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The ordering 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 
Blank 
= 
Standard 
Processing 
B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C = Commercial 
(O°C to +70°C) 
I 
= Industrial 
(-40°C 
to + 85°C) 
E 
= Extended 
(-55°C 
to + 125°C) 


PACKAGE 
TYPE 
P 
= 32-Pin 
Plastic 
DIP (PO 032) 
J 
= 32-Pin 
Rectangular 
Plastic 
Leaded 


Chip Carrier 
(PL 032) 
o = 32-Pin 
Ceramic 
DIP (CD 032) 


E = 32-Pin 
TSOP 
Standard 
Pinout 
(TS 032) 


F = 32-Pin 
TSOP 
Reverse 
Pinout 
(TSR 032) 


SPEED 
See Product 
Selector 
Guide 
and 
Valid 
Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F020 
2 Megabit 
(256K 
x 8-Bit) 
CMOS 
Flash 
Memory 


Valid 
Combinations 


AM28F020-90 
PC, JC. DC, EC, FC 


AM28F020-95 


AM28F020-120 
PC. PI, PE, PEB. 


AM28F020-150 
JC. JI. JE. JEB, 


AM28F020-200 
DC, 01, DE. DEB. 


EC. FC, EI. Fl. 
EE. FE. EEB, 
FEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 
be supported 
in volume 
for this device. 
Consult 
the local AMD sales office to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 


released 
combinations. 


ORDERING INFORMATION 
APl Products 


AMD products 
for Aerospace 
and Defense 
applications 
are available 
in several 
packages 
and operating 
ranges. 
APL (Approved 


Products 
List) products 
are fUlly compliant 
with MIL-STD-883C 
requirements. 
The order 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


X 
A 
1 


T 
LEAD 
FINISH 


A 
= Hot Solder 
Dip 


------- 
PACKAGE 
TYPE 
X 
= 32-Pin 
Ceramic 
DIP (CD 032) 


SPEED 
OPTION 
See Product 
Selector 
Guide 
and 
Valid 
Combinations 


'----- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F020 
2 Megabit 
(256K 
x 8-Bit) CMOS 
Flash 
Memory 


Valid 
Combinations 


AM28F020-120 


AM28F020·150 


/BXA 
AM28F020-200 


AM28F020-250 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 
be supported 
in volume 
for this 
device. 
Consult 


the local AMD sales office to confirm 
availability 
of 


specific 
valid combinations 
and to check on newly 
released 
combinations. 


Group 
A Tests 


Group 
A tests consist 
of Subgroups 


1,2,3,7,8,9, 
10, 11. 


PIN DESCRIPTION 
Ao-A17 
Address 
Inputs for memory 
locations. 
Internal 
latches 
hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active 
low input activates 
the chip's 
control 
logic and input buffers. 
Chip Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DQo-DQ7 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 


nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vpp 
Power supply for erase and programming. 
Vpp must be 
at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 
alter the memory array contents. 
Memory contents can- 


not be altered when Vpp $ Vcc +2 V. 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 
function 
of the command 
register to the memory 
array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate 
data is latched 
on the rising edge of the pulse. 


BASIC PRINCIPLES 


The Am28F020 
uses 100% TTL-Ievel 
control inputs to 


manage the command 
register. 
Erase and reprogram- 


ming operations 
use a fixed 12.0 V ± 5% power supply. 


I 


Read Only Memory 


Without high Vpp voltage, the Am28F020 
functions 
as a 


read 
only 
memory 
and 
operates 
like 
a 
standard 


EPROM. 
The 
control 
inputs 
still 
manage 
traditional 


read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 


age is rPplied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 


addition, 
two-cycle 
commands 
are required 
for erase 


and re1programming 
operations. 
The traditional 
read, 


standby, 
output 
disable, 
and Auto 
select 
modes 
are 


availa~le 
via the register. 


The 
Arn28F020's 
command 
register 
is written 
using 


standard 
microprocessor 
write 
timings. 
The 
register 


control1s an internal state machine that rnanages all de- 
vice o!?erati~ns. 
For system 
design 
simplification, 
the 


Am28~020 
IS designed 
to support 
either 
WE or CE 


controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 


whichever 
occurs last. Data is latched on the rising edge 


of WE orCE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold tirres 
are with respect to the WE signal. 


Overview of Erase/Program Operations 


Flasherase 
Sequence 


A multiple step command 
sequence 
is required to erase 


the FIC\shdevice 
(a two-cycle 
Erase command 
and re- 


peated one cycle verify commands). 


Note: 
The Flash memory array must be completely pro- 


gramrryed to O's prior to erasure. 
Refer to the Flashrite 


Programming. 


1. Erase Set-Up: 
Write the Set-up Erase command 


to the command 
register. 


2. 
Erase: 
Write the Erase command 
(same as Set-up 
Erase command) 
to the command 
register again. 


The second command 
initiates the erase 


operation. 
The system software 
routines must now 


time-out 
the erase pulse width (10 ms) prior to is- 
suing the Erase-verify 
command. 
An integrated 


stop timer prevents 
any possibility 
of overerasure. 


3. 
Erase-Verify: 
Write the Erase-verify 
command 
to 


the command 
register. This command 
terminates 


the erase operation. 
After the erase operation, 


each byte of the array must be verified. 
Address 


information 
must be supplied 
with the Erase-verify 


command. 
This command 
verifies the margin and 


outputs the addressed 
byte in order to compare 


the array data with FFH data (Byte erased). 
After 


successful 
data verification 
the Erase-verify 
com- 
mand is written again with new address 
informa- 


tion. Each byte of the array is sequentially 
verified 


in this manner. 


If data of the addressed 
location 
is not verified, 
the 


Erase 
sequence 
is repeated 
until the entire 
array 
is 


successfully 
verified 
or 
the 
sequence 
is 
repeated 


1000 times. 


Flashrite 
Programming 
Sequence 


A three step command 
sequence 
(a two-cycle 
Program 


command 
and one cycle Verify command) 
is required to 


program a byte of the Flash array. Referto 
the Flashrite 


Algorithm. 


1. Program 
Set-Up: 
Write the Set-up Program 
com- 


mand to the command 
register. 


2. 
Program: 
Write the Program command 
to the 
command 
register with the appropriate 
Address 


and Data. The system software 
routines 
must now 


time-out 
the program 
pulse width (10 )ls) prior to 


issuing the Program-verify 
command. 
An inte- 
grated stop timer prevents 
any possibility 
of over- 
programming. 


3. 
Program-Verify: 
Write the Program-verify 
com- 
mand to the command 
register. This command 


terminates 
the programming 
operation. 
In addition, 


this command 
verifies the margin and outputs the 


byte just programmed 
in order to compare 
the ar- 
ray data with the original data programmed. 
After 


successful 
data verification, 
the programming 
se- 


quence 
is initiated again for the next byte address 


to be programmed. 


If data 
is not verified 
successfully, 
the 
Program 
se- 
quence 
is repeated 
until a successful 
comparison 
is 


verified or the sequence 
is repeated 
25 times. 


Data Protection 


The Am28F020 
is designed 
to offer protection 
against 


accidental 
erasure or programming, 
caused by spurious 


system level signals that may exist during power transi- 
tions. 
The Am28F020 
powers up in its read only state. 
Also, with its control 
register 
architecture, 
alteration 
of 
the memory contents 
only occurs after successful 
com- 


pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 


prevent 
inadvertent 
write 
cycles 
resulting 
from Vcc 
power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Vcc power-up 
and power-down, 
a write cycle is locked out for Vcc less 
than 3.2 V (typically 3.7 V). If Vcc < VlKO, the command 
register 
is disabled 
and all internal 
program/erase 
cir- 
cuits are disabled. 
The device 
will reset to the read 


mode. Subsequent 
writes will be ignored 
until the Vcc 


level is greater than VlKO. It is the users responsibility 
to 


ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" 
Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing is inhibited by holding anyone 
of OE = Vll, CE = 


VIH or WE = VIH. To initiate a write cycle CE and WE 
must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = Vil and OE= VIH 
will not accept commands 
on the rising edge of WE. The 


internal state machine 
is automatically 
reset to the read 


mode on power-up. 


FUNCTIONAL 
DESCRIPTION 
Description of User Modes 


Operation 


Vpp 
CE (E) 
C5E(G) 
WE(W) 
(Note 1) 
AO 
A9 
I/O 


Read 
Vil 
Vil 
X 
VPPl 
AD 
A9 
DOUT 


Standby 
VIH 
X 
X 
VPPl 
X 
X 
HIGHZ 


Output Disable 
Vil 
VIH 
VIH 
VPPl 
X 
X 
HIGHZ 
Read-Only 
Auto-select Manufacturer 
Vil 
Vil 
VIH 
VPPl 
Vil 
VID 
CODE 
Code (Note 2) 
(Note 3) 
(D1H) 


Auto-select Device Code 
Vil 
Vil 
VIH 
VPPl 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(2AH) 


Read 
Vil 
Vil 
VIH 
VPPH 
AD 
A9 
DOUT 
(Note 4) 


Standby (Note 5) 
VIH 
X 
X 
VPPH 
X 
X 
HIGHZ 
ReadlWrite 
HIGHZ 
Output Disable 
Vil 
VIH 
VIH 
VPPH 
X 
X 


Write 
Vil 
VIH 
Vil 
VPPH 
AD 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where 
Don't 
Care is either 
V,Lor V,H levels, 
VPPL = Vpp < Vee + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH, 0 V < An < Vee + 2 V, (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or < Vee +2.0 
V. VPPH is the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 
11.5 < V,D < 13.0 V 


4. 
Read 
operation 
with 
Vpp = VPPH may access 
array data or the Auto select 
codes. 


5. 
With VPp at high voltage, 
the standby 
current is Ice + Ipp (standby). 


6. 
Refer 
to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
V,L or V,H levels. 
In the Auto 
select 
mode 
all 


addresses 
except 
A9 and AO must be held at VIL. 


READ ONLY MODE 


Vpp < Vcc + 2 V 
Command 
Register 
Inactive 


Read 


The Am28F020 
functions 
as a read only memory when 


Vpp < Vcc + 2 V. The Am28F020 
has two control func- 


tions. Both must be satisfied in order to output data. CE 
controls powertothe 
device. This pin should be used for 


specific 
device 
selection. 
OE controls 
the device 
out- 


puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tACCis equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 


cess time tCE is the delay from stable addresses 
and 


stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming 
the addresses 


have been stable at least tACC-toE). 


Standby 
Mode 


The Am28F020 
has two standby 
modes. 
The CMOS 


standby mode (CE input held at Vcc ± 0.5 V), consumes 
less than 100 JlA of current. 
TTL standby 
mode (CE is 


held at VIH) reduces 
the current 
requirements 
to less 


than 1mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 


ming, or program/erase 
verification, 
the device will draw 


active current until the operation 
is terminated. 


Output 
Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 


pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 
soldering 
the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto- 
matically matching the device to be programmed 
with its 


corresponding 
programming 
algorithm. 
This 
mode 
is 


functional 
over 
the 
entire 
temperature 
range 
of the 
device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 


must force VID (11.5 V to 13.0 V) on address 
A9. Two 


identifier bytes may then be sequenced 
from the device 


outputs by toggling address AO from VILto VIH. All other 


address lines must be held at VIL, and YPP must be less 
than or equal to Vcc + 2.0 V while using this Auto select 
mode. Byte 0 (AO = VIL) represents 
the manufacturer 


code and byte 1 (AO= VIH)the device identifier code. For 
the Am28F020 
these two bytes are given in the table be- 


low. All identifiers 
for manufacturer 
and device 
codes 


will exhibit odd parity with the MSB (007) defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and 
READ 
MODE 
section 
for program- 


ming the Flash memory device in-system). 


Code 


Type 
AO 
(HEX) 
007 
006 
OOS 
004 
003 
002 
001 
000 


Manufacturer Code 
VIL 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device Code 
VIH 
2A 
0 
0 
1 
0 
1 
0 
1 
0 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command Register Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 


activate the command 
register. Datawritten 
to the regis- 


ter serves 
as input to the internal 
state machine. 
The 


output of the state machine determines 
the operational 


function 
of the device. 


The command 
register does not occupy an addressable 


memory 
location. 
The register is a latch that stores the 


command, 
along with the address·and 
data information 


needed to execute the command. 
The register is written 


by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 


dresses 
are latched 
on the falling 
edge of WE, while 


data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings are used. 


The device requires the OE pin to be VIH for write opera- 
tions. This condition 
eliminates 
the possibility 
for bus 


contention 
during programming 
operations. 
In order to 


write, OE must be VIH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 
not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 


gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 


(Read Mode) in the absence 
of high voltage 
applied to 


the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 


cific data codes into the command 
register. Table 3 de- 


fines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when Vpp is high. To read from the device, write 
OOHinto the command 
register. Standard 
microproces- 


sor read cycles access data from the memory. The de- 
vice will remain 
in the read mode until the command 


register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 


upon Vpp power-up. 
The OOH(Read Mode) register de- 


fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 


memory contents 
does not occur during the Vpp power 


transition. 
Refer to the AC Read Characteristics 
and 


Waveforms 
for the specific timing parameters. 


First 
Bus Cycle 
Second 
Bus 
C cle 


Operation 
Address 
Data 
Operation 
Address 
Data 


Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read 
Memory 
(Note 6) 
Write 
X 
OOH/FFH 
Read 
RA 
RD 


Read Auto select 
Write 
X 
80H or 90H 
Read 
OOH/01H 
01H12AH 


Erase 
Set-up/EraseWrite 
X 
20H 
Write 
X 
20H 


(Note 4) 


Erase-Verify 
(Note 4) 
Write 
EA 
AOH 
Read 
X 
EVO 


Program 
Set-upl 
Write 
X 
40H 
Write 
PA 
PO 
Program 
(Note 5) 


Program-Verify 
(Note 5) 
Write 
X 
COH 
Read 
X 
PVO 


Reset 
INote 
6) 
Write 
X 
FFH 
Write 
X 
FFH 
Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 


EA = Address 
of the memory 
location 
to be read during 
erase-verify. 


PA = Address 
of the memory 
location 
to be programmed. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 
X = Don't 
care. 


3. 
RD = Data read from location 
RA during 
read operation. 
EVD 
= Data read from location 
EA during 
erase-verify. 


PO = Data 
to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


PVD = Data read from location 
PA during program-verify. 
PA is latched 
on the Program 
command. 


4. 
Figure 
1 illustrates 
the Flasherase 
Electrical 
Erase Algorithm. 


5. 
Figure 3 illustrates 
the Flashrite 
Programming 
Algorithm. 


6. 
Please 
reference 
Reset 
Command 
section. 


~~~l~~~~~RY 
PROGRAM/ERASE 


AMD's Flasherase and Flashrite 
Algorithms 


Flasherase Erase Sequence 


Erase Set-Up/Erase 
Commands 


Erase Set-Up 


Erase Set-up is the first of a two-cycle 
erase command. 


It is a command-only 
operation 
that stages the device 


for bul~ chip erase. The array contents 
are not altered 


with this command. 
20H is written to the command 
reg- 


ister inl order to perform the Erase Set-up operation. 


Erase 


The second two-cycle 
erase command 
initiates the bulk 


erase operation. 
You must write the Erase command 


(20H) again to the register. The erase operation 
begins 


with thr 
rising edge of the WE pulse. The erase.opera- 


tlon must 
be terminated 
by writing 
a new command 


(Erase-verify) 
to the register. 


This t"'(o step sequence 
of the Set-up and Erase com- 


mands helps to ensure that memory contents are not ac- 
cidentr"Y 
erased. 
Also, 
chip 
erasure 
can only occur 


when high voltage is applied to the Vpp pin and all control 
pins are in theirproperstate. 
In absence of this high volt- 


age, rryemory contents 
cannot 
be altered. 
Refer to AC 


Erase Characteristics 
and Waveforms 
for specific tim- 


ing parameters. 


Note: !The 
Flash 
memory 
device 
must 
be fully pro- 


grammed 
to OOH data prior to erasure. 
This equalizes 


the 
c7arge 
on 
all 
memory 
cells 
ensuring 
reliable 
erasure. 


Erase-Verify 
Command 


The erase 
operation 
erases 
all bytes of the array 
in 


parallel. 
After the erase 
operation, 
all bytes 
must be 


sequentially 
verified. The Erase-verify 
operation 
is initi- 


ated by writing AOH to the register. The byte address to 
be verified 
must be supplied 
with the command. 
Ad- 


dresses are latched on the falling edge of the WE pulse 
or CE pulse, whichever 
happens 
later. The rising edge 


of the WE pulse terminates 
the erase operation. 


Margin 
Verify 


During the Erase-verify 
operation, 
the Am28F020 
ap- 


plies an internally 
generated 
margin voltage to the ad- 


dressed 
byte. Reading 
FFH from the addressed 
byte 


indicates that all bits in the byte are properly 
erased. 


Verify 
Next Address 


You must write the Erase-verify 
command 
with the ap- 


propriate 
address to the register 
prior to verification 
of 


each address. 
Each new address is latched on the fail- 


ing edge of WE or CE, whichever 
happens 
later. The 


process continues for each byte in the memory array un- 
til a byte does not return FFH data or all the bytes in the 
array are accessed 
and verified. 


11an address is not verified to FFH data, the entire chip is 
erased again (referto 
Erase Set-up/Erase). 
Erase verifi- 


cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. 
At 


this point, the verification 
operation 
is terminated 
by 


writing 
a valid command 
(e.g. Program 
set-up) 
to the 


command 
register. Figure 1 and Table 4, the Flasherase 


electrical erase algorithm, 
illustrate how commands 
and 


bus operations 
are combined 
to perform 
electrical 
era- 


sure. Referto AC Erase Characteristics 
and Waveforms 


for specific timing parameters. 


Flasherase Electrical Erase Algorithm 


This Flash memory device erases the entire array in par- 
allel. The erase time depends on Vpp, temperature, 
and 
number of erase/program 
cycles on the device. 
In gen- 
eral, reprogramming 
time increases 
as the number of 
erase/program 
cycles increases. 


The Flasherase 
electrical 
erase algorithm 
employs 
an 
interactive 
closed 
loop flow to simultaneously 
erase all 
bits in the array. Erasure begins with a read of the mem- 
ory contents. 
The Am28F020 
is erased when shipped 
from the factory. 
Reading 
FFH data from the device 
would immediately 
be followed 
by executing 
the Flash- 
rite programming 
algorithm 
with the appropriate 
data 
pattern. 


Should the device be currently programmed, 
data other 
than FFH will be returned 
from address 
locations. 
Fol- 
low the Flasherase 
algorithm. 
Uniform and reliable era- 
sure 
is ensured 
by first 
programming 
all bits in the 


Table 4. Flasherase 
Electrical 
Erase Algorithm 


device 
to their 
charged 
state 
(Data 
= OOH). This 
is 
accomplished 
using the 
Flashrite 
Programming 
algo- 
rithm. Erasure then continues 
with an initial erase op- 
eration. 
Erase 
verification 
(Data 
= FFH) 
begins 
at 
address OOOOHand continues 
through the array to the 
last address, 
or until data other than 
FFH is encoun- 
tered. If a byte fails to verify, the device is erased again. 
With each erase operation, 
an increasing 
number 
of 
bytes verify to the erased state. Typically, 
devices 
are 
erased in less than 100 pulses (one second). 
Erase effi- 
ciency may be improved 
by storing the address 
of the 
last byte that fails to verify in a register. 
Following 
the 
next erase operation, 
verification 
may start at the stored 
address 
location. 
A total of 1000 erase pulses 
are al- 
lowed per reprogram 
cycle, which 
corresponds 
to ap- 
proximately 
10 seconds 
of cumulative 
erase time. The 
entire sequence 
of erase and byte verification 
is per- 
formed with high voltage applied to the Vpp pin. Figure 1 
illustrates the electrical 
erase algorithm. 


Bus Operations 
Command 
Comments 


Entire memory must = OOHbefore erasure (Note 3) 
Note: 
Use Flashriteprogramming 
algorithm 
(Figure 
3) for 
programming. 


Standby 
Wait for Vpp ramp to VPPH(Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 


Write 
Erase Set-Up 
Data = 20H 


Write 
Erase 
Data = 20H 


Standby 
Duration of Erase Operation (tWHWH2) 


Write 
Erase-Verify (Note 2) 
Address = Byte to Verify 
Data = AOH 
Stops Erase Operation 


Star,dby 
Write Recovery Time before Read = 6 liS 


Read 
Read byte to verify erasure 


Standby 
Compare output to FFH 
Increment pulse count 


Write 
Reset 
Data = FFH, reset the register for read operations. 


Standby 
Wait for Vpp ramp to VPPL(Note 1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPHor VPPL. The Vpp power 
supply 
can be hard-wired 
to the device 
or switchable. 


When 
Vpp is switched, 
VPPL may be ground, 
no connect 
wilh a resislor 
tied 10 ground, 
or less than 
Vcc + 2.0 
V. 


2. 
Erase 
Verify is performed 
only afler chip erasure. 
A final read compare 
may be performed 
(optional) 
after the register 
is 
written 
with the read command. 


3. 
The erase 
algorithm 
Must 
8e Followed 
to ensure 
proper 
and reliable 
operation 
of the device. 


Section 
ABC 
D 
E 
F 
G 
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Bus Cycle 
Write 
Write 
Time 
Write 
Time 
Read 
Stand by 
-out 
-out 


Command 
20H 
20H 
N/A 
AOH 
N/A 
Compare 
N/A 
Data 


Function 
Erase 
Erase 
Erase 
Erase- 
Transition 
Erase 
Proceed 
Set-up 
(10ms) 
Verify 
(6~s) 
Verification 
per Erase 
Algorithm 


Analysis 
of Erase Timing 
Waveform 


Note: This analysis does not include the requirement 
to 


program 
the entire array to OOH data prior to erasure. 
Refer to the Flashrite 
Programming. 


Erase Set-Up/Erase 


This analysis illustrates the use of two-cycle 
erase com- 


mands 
(section 
A and 
B). The first erase 
command 


(20H) is a set-up command 
and does not affect the array 


data (section A). The second erase command 
(20H) in- 
itiates the erase operation 
(section B) on the rising edge 
of this WE pulse. 
All bytes of the memory 
array are 


erased in parallel. 
No address 
information 
is required. 


. The erase pulse occurs in section C. 


Time-Out 


A software timing routine (10 ms duration) 
must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated 
stop timer prevents 
any possibility 


of overerasure 
by limiting each time-out period of 10 ms. 


Erase-Verify 


Upon completion 
of the erase software 
timing 
routine, 


the microprocessor 
must write 
the 
Erase-verify 
com- 


mand (AOH). This command 
terminates 
the erase op- 


eration on the rising edge of the WE pulse (section 
D). 


The Erase-verify 
command 
also stages the device for 


data verification 
(section 
F). 


After each erase operation 
each byte must be verified. 


The byte address 
to be verified 
must be supplied 
with 


the Erase-verify 
command 
(section 
D). Addresses 
are 


latched on the falling edge of the WE pulse. 


Another software timing routine (6 Jls duration) 
must be 
executed to allow for generation 
of internal voltages 
for 
margin checking 
and read operation 
(section 
E). 


During Erase-verification 
(section 
F) each address that 


returns FFH data is successfully 
erased. 
Each address 


of the array is sequentially 
verified in this manner by re- 


peating sections D thru F until the entire array is verified 


or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections 
A thru F. Resume verification 
(section 
D) with 
the failed address. 


Each data change sequence 
allows the device to use up 
to 1,000 erase 
pulses 
to completely 
erase. 
Typically 
100 erase pulses are required. 


Note: 
All address 
locations 
must be programmed 
to 
OOH prior 
to erase. 
This equalizes 
the charge 
on all 
memory 
cells and ensures reliable erasure. 
Flashrite Programming Sequence 


Program 
Set-Up/Program 
Command 


Program 
Set-Up 


The Am28F020 
is programmed 
byte by byte. Bytes may 
be programmed 
sequentially 
or at random. 
Program 
Set-up is the first of a two-cycle 
program 
command. 
It 
stages the device for byte programming. 
The Program 
Set-up 
operation 
is performed 
by writing 
40H to the 
command 
register. 


Program 


Only after the program 
set-up operation 
is completed 
will the next WE pulse initiate the active programming 
operation. 
The appropriate 
address 
and da~or 
pro- 
gramming 
must be available 
on the second WE pulse. 
Addresses 
and data are internally 
latched on the falling 
and rising edge of the WE pulse respectively. 
The rising 
edge of WE also begins 
the programming 
operation. 
You must write the Program-verify 
command 
to termi- 
nate the 
programming 
operation. 
This 
two 
step 
se- 
quence of the Set-up and Program commands 
helps to 
ensure that memory contents 
are not accidentally 
writ- 
ten. Also, programming 
can only occur when high volt- 
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem- 
ory contents 
cannot be programmed. 


Refer to AC Characteristics 
and Waveforms 
for specific 
timing parameters. 


Program 
Verify 
Command 


Following 
each programming 
operation, 
the byte just 
programmed 
must be verified. 


Write COH into the command 
register in order to initiate 
the Program-verify 
operation. 
The rising edge of this WE 
pulse terminates 
the programming 
operation. 
T.h.eP!O- 
gram-verify 
operation 
stages the device for verlflcatlo~ 
of the last byte programmed. 
Addresses 
were 
prevI- 
ously latched. 
No new information 
is required. 


Margin 
Verify 


During the Program-verify 
operation, the Am28F020 
ap- 
plies an internally 
generated 
margin voltage to the ad- 
dressed 
byte. 
A 
normal 
microprocessor 
read 
cycle 
outputs the data. A successful 
comparison 
between the 
programmed 
byte and the true data indicates 
that the 
byte 
was 
successfully 
programmed. 
The 
ori~inal 
programmed 
data 
should 
be stored 
for comparison. 
Programming 
then proceeds to the next desired byte lo- 
cation. Should the byte fail to verify, reprogram 
(refer to 
Program 
Set-up/Program). 
Figure 3 and Table 5 indi- 
cate how instructions 
are combined 
with the bus opera- 
tions 
to 
perform 
byte 
programming. 
Refer 
to 
AC 
Programming 
Characteristics 
and Waveforms 
for spe- 
cific timing parameters. 


Flashrite 
Programming 
Algorithm 


The Am28F020 
Flashrite Programming 
algorithm 
em- 
ploys an interactive 
closed 
loop flow to program 
data 
byte by byte. Bytes may be programmed 
sequentially 
or 
at random. The Flashrite Programming 
algorithm 
uses 
10 ms programming 
pulses. 
Each operation 
is followed 
by a byte verification 
to determine 
when the addressed 
byte has been successfully 
programmed. 
The program 
algorithm 
allows for up to 25 programming 
operations 
per byte per reprogramming 
cycle. Most bytes verify af- 
terthe first or second pulse. The entire sequence 
of pro- 
gramming 
and byte verification 
is performed 
with high 
voltage applied to the Vpp pin. Figure 3 and Table 5 illus- 
trate the programming 
algorithm. 


Bus 
Operations 
Command 
Comments 


Standby 
Wait for Vpp ramp to VPPH (Note 
1) 
Initialize 
pulse 
counter 


Write 
Program 
Set-Up 
Data = 40H 


Write 
Program 
Valid Address/Data 


Standby 
Duration 
of Programming 
Operation 
(twHWH1) 


Write 
Program-Verify 
(2) 
Data = COH Stops 
Program 
Operation 


Standby 
Write Recovery 
Time before 
Read = 6 J.1s 


Read 
Read byte to verify 
programming 


Standby 
Compare 
data output 
to data expected 


Write 
Reset 
Data = FFH, resets the register 
for read operations. 


Standby 
Wait for Vpp ramp to VPPL (Note 
1) 


Notes: 


1. 
See DC Characteristics 
for value of VPPH. The Vpp power 
supply 
can be hard-wired 
to the device 
or switchable. 
When 
Vpp is 


switched, 
VPPL may be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. 


2. 
Program 
Verify is performed 
only after byte programming. 
A final read/compare 
may be performed 
(optional) 
after the 
register 
is wrillen 
with the read command. 


Section 
ABC 
D 
E 
F 
G 
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Bus Cycle 
Write 
Write 
Time 
Write 
Time 
Read 
Stand 
by 
-out 
-out 


Command 
40H 
Program 
N/A 
COH 
N/A 
Compare 
N/A 
Address, 
(Stops 
Data 
Program 
Data 
Program) 
Function 
Program 
Program 
Program 
Program 
Transition 
Program 
Proceed 
per 
Set-up 
Command 
(10 ~s) 
Verify 
(6 ~s) 
Verification 
Programming 
Latch Address 
Algorithm 
& Data 


Analysis 
of Program 
Timing 
Waveforms 


Program 
Set-Up/Program 


Two-cycle 
write 
commands 
are required 
for program 
operations 
(section 
A and B). The first program 
com- 
mand (40H) is a set-up command 
and does not affect 
the array data (section 
A). The second 
program 
com- 
mand latches address 
and data required for program- 
ming on the falling and rising edge of WE respectively 
(section B). The rising edge of this WE pulse (section B) 
also i~itiates the programming 
pulse. The device is pro- 
grammed 
on a byte by byte basis either sequentially 
or 
randomly. 


The program 
pulse occurs in section C. 


Time-Out 


A software timing routine (10 ~s duration) 
must be initi- 
ated on the rising edge of the WE pulse of section B. 


Note: An integrated 
stop timer prevents 
any possibility 
of overprogramming 
by limiting each time-out period of 
10 Ils. 


Program-Verify 


Upon completion 
of the program timing routine, the mi- 
croprocessor 
must write the program-verify 
command 
(COH). This command 
terminates 
the programming 
op- 
eration on the rising edge of the WE pulse (section 
D). 
The program-verify 
command 
also stages the device for 
data verification 
(section 
F). Another 
software 
timing 
routine 
(6 ~s duration) 
must be executed 
to allow for 
generation 
of internal voltages for margin checking 
and 
read operations 
(section 
E). 


During program-verification 
(section 
F) each byte just 
programmed 
is read to compare 
array data with original 
program data. When successfully 
verified, the next de- 
sired 
address 
is programmed. 
Should 
a byte 
fail to 
verify, 
reprogram 
the byte (repeat 
section 
A thru 
F). 


Each data change sequence 
allows the device to use up 
to 25 program pulses per byte. Typically, 
bytes are veri- 
fied within one or two pulses. 


Algorithm 
Timing 
Delays 


There 
are four different 
timing delays 
associated 
with 


the Flasherase 
and Flashrite algorithms: 


1. The first delay is associated 
with the Vpp rise-time 


when Vpp first turns on. The capacitors 
on the Vpp 
bus cause an RC ramp. After switching 
on the VPp, 
the delay required 
is proportional 
to the number of 
devices being erased and the 0.1 /IF/device. 
Vpp 
must reach its final value 100 ns before commands 
are executed. 


2. The second delay time is the erase time pulse 
width (10 ms). A software 
timing routine should be 


run by the local microprocessor 
to time out the de- 
lay. The erase operation 
must be terminated 
at the 
conclusion 
of the timing routine or prior to execut- 
ing any system interrupts 
that may occur during 
the erase operation. 
To ensure proper device op- 


eration, write the Erase-verify 
operation 
after each 


pulse. 


3. 
A third delay time is required for each program- 
ming pulse width (10 /ls). The programming 
algo- 
rithm is interactive 
and verifies each byte after a 
program 
pulse. The program operation 
must be 


terminated 
at the conclusion 
of the timing routine 
or prior to executing 
any system interrupts 
that 


may occur during the programming 
operation. 


4. 
A fourth timing delay associated 
with both the 
Flasherase 
and Flashrite algorithms 
is the write 
recovery time (6 /ls). During this time internal cir- 
cuitry is changing 
voltage 
levels from the erase/ 


program 
level to those used for margin verify and 


read operations. 
An attempt to read the device dur- 
ing this period will result in possible false data (it 
may appear the device is not properly 
erased or 
programmed). 


Note: Software 
timing routines should be written in ma- 


chine language 
for each of the delays. 
Code written in 
machine 
language 
requires knowledge 
of the appropri- 
ate microprocessor 
clock speed in order to accurately 
time each delay. 


Parallel 
Device 
Erasure 


Many applications 
will use more than one Flash memory 
device. 
Total erase time may be minimized 
by imple- 
menting 
a parallel 
erase 
algorithm. 
Flash 
memories 
may erase 
at different 
rates. 
Therefore 
each device 
must 
be verified 
separately. 
When 
a device 
is com- 


pletely erased and verified 
use a masking 
code to pre- 
vent further 
erasure. The other devices will continue 
to 


erase until verified. The masking code applied could be 
the read command 
(OOH). 


Power-Up 
Sequence 


The 
Am28F020 
powers-up 
in the 
Read 
only 
mode. 
Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memory 
de- 


vice to the Read mode. In addition, 
it also provides 
the 


user with a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset command 
must be written two consecutive 


times after the set-up 
Program 
command 
(40H). This 


will reset the device to the Read mode. 


Following 
any other 
Flash command 
write 
the Reset 


command 
once to the device. This will safely abort any 


previous operation 
and initialize the device to the Read 


mode. 


The set-up 
Program 
command 
(40H) is the only com- 


mand that requires a two sequence 
reset cycle. The first 


Reset command 
is interpreted 
as program 
data. How- 


ever, FFH data is considered 
null data during program- 
ming operations 
(memory 
cells are only programmed 
from a logical "1" to "0"). The second 
Reset command 


safely aborts the programming 
operation 
and resets the 


device to the Read mode'. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 


prove easier to always 
issue the Reset command 
two 


consecutive 
times. This eliminates 
the need to deter- 


mine if you are in the set-up Program 
state or not. 


Programming 
In-System 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 


dered to the circuit board upon receipt of shipment 
and 


programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 
soldering 
the device to the board. 


Auto 
Select 
Command 


AMD's Flash memories 
are designed 
for use in applica- 


tions where the local CPU alters memory contents. 
Ac- 
cordingly, 
manufacturer 
and 
device 
codes 
must 
be 
accessible while the device resides in the target system. 
PROM 
programmers 
typically 
access 
the 
signature 
codes by raising A9 to a high voltage. 
However, 
multi- 
plexing high voltage onto address lines is not a generally 
desired 
system design practice. 


The Am28F020 
contains 
an Auto Select operation 
to 
supplement 
traditional 
PROM programming 
methodol- 


ogy. The operation 
is initiated by writing 80H or 90H into 
the command 
register. Following this command, 
a read 
cycle address OOOOHretrieves the manufacturer 
code of 
01 H. A read cycle from address 
0001 H returns the de- 
vice code 2AH (see Table 2). To terminate 
the opera- 
tion, it is necessary 
to write 
another 
valid command, 


such as Reset (FFH). into the register. 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to +150°C 
Plastic Packages 
. . . . . . . . . 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
. . . . . . . . 
-55°C 
to + 125°C 


Voltame with Respect To Ground 


t~ltt~1~)e~c~Pt.~9.a~d 
Vp~. 
-2.0 
Vto 
+7.0 V 


Vee (Note 1) 
-2.0 
V to +7.0 V 


A9(Note2) 
-2.0Vto+14.0V 


Vpp (Note 2) 
-2.0 
V to +14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Mi~imum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions. 
inputs may overshoot 
Vss to -2.0 
V for 
periods 
of up to 20 ns. Maximum 
DC voltage on output and 
1/'1 pins is Vcc + 0.5 V. During 
voltage 
transitions, 
outputs 


may overshoot 
to Vcc + 2. a V for periods 
up to 20 ns. 


2. 
Minimum 
DC input 
voltage 
on Ag and 
Vpp pins is -0.5 
V. 


During 
voltage 
transitions, 
A9 and Vpp may overshoot 
Vss 


to -2.0 
V for periods 
of up to 20 ns. Maximum 
DC input 


voltage 
on A9 and Vpp is + 13.5 V which may overshoot 
to 


14.0 V for periods 
up to 20 ns. 


3. Nd more than one output 
shorted 
at a time. Duration 
of the 


short circuit 
should 
not be greater 
than one second. 


streJes 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings" may cause 
permanent 
damage 
to the device. 
This is a 


stress 
rating 
only; functional 
operation 
of the device 
at these 


or any other 
conditions 
above 
those 
indicated 
in the opera- 


tional sections 
of this specification 
is not implied. 
Exposure 
of 


the 
d~vice 
to absolute 
maximum 
rating 
conditions 
for 
ex- 


tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Te) 
O°C to +70°C 


Industrial 
(I) Devices 
Case Temperature 
(Te) 
-40°C 
to +85°C 


Extended 
(E) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Te) 
-55°C 
to +125°C 


Vce Supply 
Voltages 
Vccfor 
Am28F020-X5 
+4.75 V to +5.25 V 


Vccfor 
Am28F020-XXO 
: 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to +12.6 V 


Program, 
Erase, and Verify 
+11.4 V to +12.6 V 


Operating 
ranges 
define 
those 
limits 
between 
which 
the 
functionality 
of the device 
is guaranteed. 


~ 
AMD 


MAXIMUM OVERSHOOT 


Maximum Negative Input Overshoot 


~~rJxxxxxx 


-2.0 V ~ 
••,. __ -.l.~ I 


Vcc + 0.5 V 


2.0 V 


20 ns 


~ 
.. 
~ 


20 ns 


xxXXXtJ' 
.~ 


DC CHARACTERISTICS 
over operating range unless otherwise specified (for APL Prod- 
ucts, Group A, Subgroups 
1, 2, 3, 7, and 8 are tested unless otherwise noted) 
(Notes 1-4) 


DC CHARACTERISTICS-TTLINMOS 
COMPATIBLE 


Parameter 
SYllJbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
J.1A 


VIN = Vcc or Vss 


'1 


0 
Output 
Leakage 
Current 
Vcc = Vcc Max. 
±1.0 
J.1A 


VOUT = Vcc or Vss 


Icts 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
0.2 
1.0 
mA 


CE = VIH 


Icc, 
Vcc Active 
Read Current 
Vcc = Vcc Max,CE 
= VIL, OE = VIH 
10 
30 
mA 


lOUT = 0 mA. at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


ICC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
±1.0 
J.1A 


Ip~l 
Vpp Read Current 
Vpp = VPPH 
70 
200 


±1.0 
lJ.A 
Vpp = VPPL 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
10L= 5.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOH, 
Output 
High Voltage 
10H= -2.5 mA 
2.4 
V 


Vcc= 
Vcc Min 


VID 
A9 Auto Select 
Voltage 
A9= 
VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9= 
VID Max 
5 
50 
J.1A 


Vcc = Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+ 2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VL1KO 
Low Vcc 
Lock-out 
Voltage 
3.2 
V 


Note~: 


1. 
Caution: 
the Am28F020 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
leel is tested 
with OE = VIH to simulate 
open outputs. 


3. 
Maximum 
active power 
usage is the sum of Ice and Ipp. 


4. 
Not 
100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
I!A 


VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
I!A 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc = Vcc Max 
15 
100 
I!A 


CE = Vcc + 0.5 V 


Icc, 
Vcc Active 
Read 
Current 
Vcc = Vcc Max,CE 
= VIL, OE = VIH 
10 
30 
mA 


lOUT = a mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 
Programming 
in Progress 
(Note 4) 


ICC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 
Erasure 
in Progress 
(Note 4) 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
± 1.0 
I!A 


IpP1 
Vpp Read Current 
Vpp = VpPH 
70 
200 
I!A 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


Programming 
in Progress 
(Note 4) 


IpP3 
Vpp Erase Current 
Vpp = VPPH 
10 
30 
mA 


Erasure 
in Progress 
(Note 4) 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vcc 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 's.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOH1 
IOH= -2.5 mA, Vcc = Vcc Min 
0.85 


Output 
High Voltage 
Vcc 


VOH2 
IOH= -100 !-lA, Vcc = Vcc Min 
Vcc 
V 


-0.4· 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9 = VID Max 
5 
50 
I!A 


Vcc= 
Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/ 
Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 
t. 
Caution: 
the Am28F020 
must not be removed 
from (or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
ICCI is tested 
with OE = VIH to simulate 
open outputs. 


3. 
Maximum 
active power 
usage is the sum of Ice and Ipp. 


4. 
Not 
100% tested. 


Icc Active 
in mA 
15 


• 
-55°C 
~O°C 
• 
25°C 
--O-70°C 
•• 
125"C 


Figure 5. Am28F02o-Average 
Icc Active 
VS. Frequency 
Vcc = 5.5 V, Addressing 
Pattern = Minmax 
Data Pattern = Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS 
over operating 
range unless otherwise 
specified 


AC CHARACTERISTICS-Read 
Only Operation 
(Notes 1-4) 


Parameter 
Am28F020 


Symbols 
-90 
-120 
-150 
·200 
·250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read 
Cycle 
Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tELOV 
tCE 
Chip Enable 
Min 
Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


lAVQV 
tACC 
Address 
Min 
Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


tGLQV 
tOE 
Output 
Enable 
Min 


Access 
Time 
Max 
35 
50 
55 
55 
55 
ns 


tELQX 
tLl 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tEHQl 
tOF 
Chip Disable 
to 
Min 


Output 
in High Z (Note 3) 
Max 
20 
30 
35 
35 
35 
ns 


tGLQX 
tOLl 
Output 
Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHQl 
tOF 
Output 
Disable 
to 
Min 
Output 
in High Z (Note 4) 
Max 
20 
30 
35 
35 
35 
ns 


tAXQX 
tOH 
Output 
Hold from first of 
Min 
0 
0 
0 
0 
0 
ns 
Address, 
CE, or OE Change 
Max 
(Note 4) 


tWHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
lLs 
Time before 
Read 
Max 


tvcs 
Vcc 
Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
lLs 
Valid 
Read (Note 4) 
Max 


Notes: 


1. 
Output 
Load: 
1 TTL gate and 
CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0.45 to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F020-95 
Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse levels: 
0 to 3 V 
Timing 
Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 
3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F020 
Symbols 
-90 
-120 
-150 
·200 
-250 


JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twe 
Write Cycle 
Time 
Min 
90 
120 
150 
200 
250 
ns 


(Note 6) 
Max 


lAVWL 
tAS 
Address 
Set-Up 
Time 
Min 
a 
a 
a 
a 
a 
ns 
Max 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
50 
60 
75 
75 
ns 
Max 


tOVWH 
tos 
Data Set-Up 
Time 
Min 
45 
50 
50 
50 
50 
ns 
Max 


tWHOX 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
ns 
Max 


tWHGL 
tWR 
Write 
Recovery 
Time 
Min 
6 
6 
6 
6 
6 
~s 
before 
Read 
Max 


tGHWL 
Read 
Recovery 
Time 
Min 
a 
0 
0 
a 
0 
~s 
before 
Write 
Max 


tmyL 
tes 
Chip Enable 
Min 
0 
0 
0 
a 
a 
ns 


Set-Up 
Time 
Max 


tWHEH 
teH 
Chip Enable 
Min 
0 
0 
a 
a 
a 
ns 
Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
50 
60 
60 
60 
ns 
Max 


tWHWL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
ns 


Width 
HIGH 
Max 


tWHWH1 
Duration 
of Programming 
Min 
10 
10 
10 
10 
10 
~s 
Operation 
(Note 4) 
Max 


tWHWH2 
Duration 
of 
Min 
9.5 
9.5 
9.5 
9.5 
9.5 
ms 
Erase 
Operation(Note 
4) 
Max 


tv PEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
ns 


Chip Enable 
LOW (Note 6) 
Max 


tves 
Vee Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
~s 


Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
ns 


10% VPPL (Note 6) 
Max 


tLKO 
Vee < VLKO 
Min 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 


Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F020-95. 
Input Rise and Fall times: 
< 10 ns; Input Pulse 
Levels: 
0.45 
V to 2.4 
V 


Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F020-95. 
Input Rise and Fall times: 
< IOns; 
Input Pulse Levels: 
0.0 V to 3.0 V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Maximum 
pulse 
widths 
not required 
because 
the on-chip 
program/erase 
stop timer 
will terminate 
the pulse 
widths 


internally 
on the device. 


5. 
Chip-Enable 
Controlled 
Writes: 
Write operations 
are driven by the valid combination 
of Chip-Enable 
and 
Write-Enable. 
In 


systems 
where 
Chip-Enable 
defines 
the Write Pulse 
Width (within a longer 
Write-Enable 
timing 
waveform) 
all set-up, 
hold 


and inactive 
Write-Enable 
times 
should 
be measured 
relative 
to the Chip-Enable 
waveform. 


6. 
Not 
100% tested. 


~'--,----- 


WiltSe 
Steady 


WiltSe 
Changing 
from 
H to L 


WiltSe 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off"State 


KSOOOO10 


Must Se 
Steady 
\\\\\ 


May 
Change 
from 
H to L 
/770 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


5.0 V 
Vcc 
OV 


Device 
and 
Outputs 
Data 
Power-Up, 
Standby 
Address 
Selection 
Enabled 
Valid 


5.0 V 
Vcc 
OV 


VPPH 
V•• 
Vpp, 
_ 


Program Command 
Latch Address & 
Data 


5.0 V 
V"" 
OV 


VPPH 


Vpp 
VPPL 
_ 


Device 
Under 
Test 


Diodes 
= IN3064 
or Equivalent 


SWITCHING TEST WAVEFORMS 


2.j 
V 
2.0 V 
2.0 V 
3V 


)(.5.- 
-1.5)C 


I 
> 


Test Points < 


Test Points 


0.8 V 
0.8 V 
ov 
0'15 
V 
Input 
Output 
Input 
Output 


All Devices 
Except 
Am28F020-95 


AC Testing: 
Inputs are driven 
at 2.4 V for a 
logic "1" and 0.45 Vfer a logic "0". Input pulse 
rise and fall times 
are < 10 ns. 


AC Testing: 
Inputs 
are driven 
at 3.0 V for a 
logic "1" and 0 V for a logic "0". Input pulse 
rise 
and fall times 
are < 10 ns. 


Limits 


Max 


Parameter 
Min 
Typ 
(Note 
3) 
Unit 
Comments 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 
(Note 
1) 
(Note 2) 
prior to erasure 


Chip Programming 
Time 
4 
25 
s 
Excludes 
system-level 
overhead 
(Note 
1) 


Write/Erase 
Cycles 
10,000 
Cycles 


Notes: 


1. 25"C. 12 V Vpp 


2. 
The Flasherase/Flashrite 
algorithms 
allows 
for 60 second 
erase 
time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the Flasherase/Flashrite 
pulse 
count 
(Flasherase 
= 1000 max and Flashrite 
= 25 maxi. 
Typical 
worst case for program 
and erase 
operations 
is significantly 
less than the actual 
device 
limit. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
I/O pins (Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc 
+ 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V. one pin at a time. 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


DATA SHEET REVISION SUMMARY FOR 
Am28F020 


Dat~ sheet is Final now, and not Preliminary. 


Erase, 
Program 
and Read Mode - Write 
Operations 


Removed 
Command 
Register Table and Bit 
assignments. 


Erase, 
Program 
and Read Mode - Read Command 


The statement 
requiring 
a 6 ~s wait before accessing 
the first addressed 
location was removed. 


Table 3 - Am28F020 
Command 
Definitions 


The note describing 
a 6 ~s wait before accessing 
the 
first addressed 
location was removed. 


Flasherase 
Erase Sequence 
- Erase Verify 
Command 


Th~ address latched also depends on the falling edge of 
CE, whichever 
happens 
later. 


Flasherase 
Erase Sequence 
- Verify 
Next Address 


The new address 
latched 
also depends 
on the falling 
edge of CEo whichever 
happens 
later. 


Auto 
Select 
Command 


Programming 
In-System 


Titles for each section were switched. 


Programming 
In-System 


It is necessary to write a valid command, 
such as Reset, 
into the register. 


DC Characteristics 
- TTLINMOS 
Compatible 


Added 
Note 
4. Those 
characteristics 
are not 
100% 
tested. 


DC Characteristics 
- CMOS Compatible 


Added 
Note 
4. Those 
characteristics 
are not 
100% 
tested. 


J~- 


- 
Am28F020A 


2 Megabit (262,144 x 8-Bit) CMOS 12.0 Volt, Bulk Erase 
Flash Memory with Embedded 
Algorithms 


~ 
Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


• 
High performance 


- 
90 ns maximum 
access time 


• 
CMOS Low power 
consumption 


- 
30 mA maximum 
active current 


- 
100 !1A maximum 
standby current 


- 
No data retention 
power consumption 


• 
Compatible 
with 
JEDEC-standard 
byte-wide 


32-Pin 
EPROM 
pinouts 


-32-pin 
DIP 


- 
32-pin PLCC 


- 
32-pin TSOP 


• 
100,000 write/erase 
cycles 
minimum 


• 
Write 
and erase voltage 
12.0 V ±5% 


• 
Latch-up 
protected 
to 100 mA from -1 V 


tOVcc+1V 


• 
Embedded 
Erase Electrical 
Bulk Chip-Erase 


- 
Five seconds typical chip erase including 
preprogramming 


• 
Embedded 
Program 


- 
14 llS typical byte-program 


- 
Four seconds typical chip program 


• 
Command 
register 
architecture 
for 
microprocessor/microcontroller 
compatible 
write 
interface 


• 
On-chip 
address 
and data latches 


• 
Advanced 
CMOS flash 
memory 
technology 


- 
Low cost single transistor 
memory cell 


• 
Embedded 
algorithms 
for completely 
self·timed 
write/erase 
operations 


• 
Automatic 
write/erase 
pulse 
stop timer 


GENERAL DESCRIPTION 


The Am28F020A 
is a 2 Megabit 
Flash memory 
organ- 


ized as 256K bytes of 8 bits each. AM D's Flash memo- 
ries offer the most cost-effective 
and reliable readlwrite 
non- volatile random access memory. The Am28F020A 
is packaged 
in 32-pin PDIP, PLCC, and TSOP versions. 
The device is also offered in ceramic 
DIP package. 
It is 
designed to be reprogrammed 
and erased in-system or 


in standard 
EPROM programmers. 
The Am28F020A 
is 


erased when shipped from the factory. 


The standard 
Am28F020A 
offers access times as fast 


as 90 ns, allowing operation of high-speed 
microproces- 


sors without 
wait states. 
To eliminate 
bus contention, 
the Am28F020A 
has separate chip enable (CE) and out- 


put enable (GE) controls. 


AM D's Flash memories 
augment 
EPROM functionality 


with in-circuit 
electrical 
erasure and programming. 
The 


Am28F020A 
uses a command 
register to manage this 
functionality, 
while 
maintaining 
a 
standard 
JEDEC 


Flash standard 32-pin pinout. The command 
register al- 


lows for 100% TTL level control inputs and fixed power 
supply 
levels 
during 
erase 
and 
programming, 
while 
maintaining 
maximum 
EPROM compatibility. 


AMD's 
Flash technology 
reliably 
stores 
memory 
con- 
tents even after 100,000 erase and program cycles. The 
AMD cell is designed 
to optimize 
the erase 
and pro- 


gramming 
mechanisms. 
In addition, the combination 
of 


advanced 
tunnel 
oxide 
processing 
and 
low 
internal 


electric 
fields 
for erase 
and programming 
operations 


produces 
reliable 
cycling. 
The 
Am28F020A 
uses 
a 


12.0 V ± 5% Vpp 
supply to pertorm 
the erase and pro- 


gramming 
functions. 


The highest degree 
of latch-up 
protection 
is achieved 
with AM D's proprietary 
non-epi process. 
Latch-up 
pro- 
tection is provided for stresses up to 100 mA on address 
and data pins from -1 V to Vcc +1 V. 


Embedded 
Program 


The Am28F020A 
is byte programmable 
using the Em- 


bedded 
Programming 
algorithm. 
The Embedded 
Pro- 


gramming 
algorithm 
does 
not require 
the 
system 
to 


time-out 
or verify 
the data 
programmed. 
The typical 


room 
temperature 
programming 
time 
of 
the 


Am28F020A 
is four seconds. 


GENERAL DESCRIPTION 


Embedded 
Erase 


Th~ entire 
chip 
is bulk 
erased 
using the 
Embedded 
Erase algorithm. 
The Embedded 
Erase algorithm 
auto- 


malically 
programs 
the entire array 
prior to electrical 


erase. The timing and verification 
of electrical erase are 


controlled 
internal to the device. Typical erasure at room 


temperature 
is accomplished 
in one second. 


AMD's Am28F020A 
is entirely pin and software compat- 


ible with AMD Am28F010A 
Flash memory. 


Embedded 
Programming 
Algorithm 
vs. 
Flashrite 
Programming 
Algorithm 


The Flashrite 
Programming 
algorithm 
requires the user 


I 
. 
d 
to '1'nte a program 
set-up comman 
, a program 
com- 


mand (program data and address), and a program verify 
corrmand 
followed 
by a read and compare 
operation. 
Th~ user 
is required 
to time the programming 
pulse 


width in order to issue the program verify command. 
An 


integrated 
stop timer prevents 
any possibility 
of over- 


programming. 
Upon completion 
of this sequence 
the 


data is read back from the device and compared 
by the 


user with the data intended to be written; if there is not a 
majCh, the sequence 
is repeated until there is a match or 


the sequence 
has been repeated 
25 times. 


AMD's Embedded 
Programming 
algorithm 
requires the 
user to only write a program set-up command 
and a pro- 


gram command 
(program 
data and address). 
The de- 


vicEt automatically 
times the programming 
pulse width, 


provides 
the program 
verify and counts the number of 


sequences. 
A status 
bit, Data Polling, 
provides 
feed- 
back to the user as to the status of the programming 
op- 


erajion. 


Embedded 
Erase Algorithm 
vs. Flasherase 
Erase 


Algorithm 


Th~ Flasherase 
Erase algorithm 
requires the device to 


be completely 
programmed 
prior to executing 
an erase 


command. 
To invoke the erase operation the userwrites 


an erase set-up command, 
an erase command, 
and an 
erase verify command. 
The user is required to time the 


erase pulse width in order to issue the erase verify com- 
mand. An integrated 
stop timer prevents 
any possibility 


of overerasure. 
Upon completion 
of this sequence 
the 


data is read back from the device and compared 
by the 


user with erased 
data. If there is not a match, the se- 


quence 
is repeated 
until there 
is a match 
or the se- 


quence 
has been repeated 
1,000 times. 


AMD's Embedded 
Erase algorithm 
requires the userto 


only write an erase set-up command 
and erase com- 
mand. The device 
will automatically 
pre-program 
and 


verify the entire array. 
Then the device 
automatically 


times the erase pulse width, provides 
the erase verify 


and counts the number of sequences. 
A status bit, Data 


Polling, provides feedback 
to the user as to the status of 


the erase operation. 


Commands 
are written to the command 
register 
using 
standard 
microprocessor 
write timings. 
Register 
con- 
tents serve as inputs to an internal state-machine 
which 


controls 
the erase and programming 
circuitry. 
During 
write cycles, the command 
register internally latches ad- 


dress and data needed for the programming 
and erase 
operations. 
For 
system 
design 
simplification, 
the 


Am28F020A 
is designed 
to support 
either WE or CE 
controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 
whichever 
occurs last. Data is latched on the rising edge 
of WE or CE whichever 
occurs first. To simplify the fol- 


lowing discussion, 
the WE pin is used as the write cycle 


control pin throughout 
the rest of this text. All setup and 


hold times are with respect to the WE signal. 


AMD's 
Flash technology 
combines 
years 
of EPROM 


and EEPROM 
experience 
to produce the highest levels 


of 
quality, 
reliability, 
and 
cost 
effectiveness. 
The 


Am28F020A 
electrically 
erases all bits simultaneously 


using Fowler-Nordheim 
tunneling. 
The bytes are pro- 
grammed one byte at a time using the EPROM program- 
ming mechanism 
of hot electron 
injection. 


2,097,152 


Bit 
Cell Matrix 


Vss - 
Vpp 


Command 
Register 
Chip 
Enable 
Output 
Enable 
Logic 


Family 
Part 
No. 
Am28F020A 


Ordering 
Part No: 


±10% 
Vcc 
Tolerance 
-90 
-120 
-150 
-200 
-250 


±5% 
Vcc Tolerance 
-95 


Max Access 
Time 
(ns) 
90 
120 
150 
200 
250 


CE (E) Access 
(ns) 
90 
120 
150 
200 
250 


OE (G) Access 
(ns) 
35 
50 
55 
55 
55 


Vpp 
Vcc 


A16 
WE(W) 


A15 
A17 


A12 
A14 


A7 
A13 


A6 
A8 


A5 
A9 


A4 
A11 


A3 
OE(G) 


A2 
A10 


A1 
CE (E) 


AO 
007 


000 
006 


001 
005 


002 
004 


Vss 
003 


175028-2 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


000 


PLCC 


I~ 
N 
III 
<D 
Q.. °IW ,...... 


::c ::c ::c ~~~::c 


4 
3 
2 
1 32 31 30 


5 
• 
A14 
29 


6 
28 
A13 


7 
27 
A8 


8 
26 
A9 


9 
25 
A11 


10 
24 
OE(G) 


11 
23 
A10 


12 
22 
CE (E") 


13 
21 
007 


14 15 16 17 18 19 20 


~ 
N 
'" 
C'1 
'!" 
III 
<D 
00 >,0000 
00 
o 0 
00 
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AMD 


CONNECTION DIAGRAMS 


A11 
1 0 
32 
OE 
A9 
2 
31 
A10 
A8 
3 
30 
CE 
A13 
4 
29 
07 
A14 
5 
28 
06 
A17 
6 
27 
05 
WE 
7 
26 
04 


Vcc 
8 
25 
03 
Vpp 
9 
24 
Vss 


A16 
10 
23 
02 
A15 
11 
22 
01 
A12 
12 
21 
00 
A7 
13 
20 
AO 
A6 
14 
19 
A1 
A5 
15 
18 
A2 
A4 
16 
17 
A3 


28F020A 
Standard 
Pinout 


OE 
1 '1 
32 
A11 
A10 
2 
31 
A9 


CE 
3 
30 
A8 


07 
4 
29 
A13 
06 
5 
28 
A14 
05 
6 
27 
A17 
04 
7 
26 
WE 


03 
8 
25 
Vcc 


Vss 
9 
24 
Vpp 
02 
10 
23 
A16 
01 
11 
22 
A15 
00 
12 
21 
A12 


AO 
13 
20 
A7 
A1 
14 
19 
A6 
A2 
15 
18 
A5 
A3 
16 
17 
A4 


28F020A 
Reverse 
Pinout 


28F020A 
256K x 8 Flash Memory 
In 32-Lead 
TSOP 


LOGIC SYMBOL 


CE(E) 


OE (G) 


WE(W) 


ORDERING INFORMATION 


Standard Products 


AMD standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The ordering 
number 
(Valid 
Combination) 
is formed 
by a combination 
of: 


C 
BL= 


OPTIONAL 
PROCESSING 
Blank 
Standard 
Processing 
B 
= 
Burn-In 


TEMPERATURE 
RANGE 
C 
= Commercial 
(O°C to +70°C) 


I 
Industrial 
(-40°C 
to + 85°C) 


E 
= Extended 
(-55°C 
to + 125°C) 


PACKAGE 
TYPE 
P 
= 32-Pin 
Plastic 
DIP (PO 032) 


J 
= 32-Pin 
Rectangular 
Plastic 
Leaded 


Chip Carrier 
(PL 032) 
E 
32-Pin 
TSOP 
Standard 
Pinout 
(TS 032) 


F 
32-Pin 
TSOP 
Reverse 
Pinout 
(TSR 032) 


o 
32-Pin 
Ceramic 
DIP (CD 032) 


SPEED 
See Product 
Selector 
Guide 
and 


Valid Combinations 


L- 
DEVICE 
NUMBER/DESCRIPTION 
Am28F020A 
2 Megabit 
(256K 
x 8-Bit) CMOS 
Flash 
Memory 
with Embedded 
Algorithms 


Valid 
Combinations 


AM28F020A-90 
PC,JC, 
EC, 


AM28F020A-95 
FC,DC 


AM28F020A-120 
PC, PI, JC, JI, PE, 


AM28F020A-150 
PEB, JE, JEB, 
EC, 


AM28F020A-200 
FC, EI, FI, EE, FE, 


EEB, 
FEB, DC, 01, 


DE,DEB 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 


be supported 
in volume 
for this device. 
Consult 
the local AMD sales office to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 
released 
combinations. 


ORDERING INFORMATION 
APL Products 


AMD products 
for Aerospace 
and Defense 
applications 
are available 
in several 
packages 
and operating 
ranges. 
APL (Approved 
Products 
List) products 
are fully compliant 
with MIL-STD-883C 
requirements. 
The order 
number 
(Valid Combination) 
is formed 
by a combination 
of: 


1 


x T 
LEAD 
FINISH 
________ 
:A~::~:O::~:iP 


X 
= 32-Pin 
Ceramic 
DIP (CD 032) 


SPEED 
OPTION 
See Product 
Selector 
Guide 
and 
Valid Combinations 


'----- 
DEVICE 
NUMBERIDESCRIPTION 
Am28F020A 
2 Megabit 
(256K 
x 8-Bit) 
CMOS 
Flash Memory 
with Embedded 
Algorithms 


Valid 
Combinations 


AM28F020A-120 


AM28F020A-150 
IBXA 
AM28F020A-200 


AM28F020A-250 


Valid 
Combinations 


Valid Combinations 
list configurations 
planned 
to 
be supported 
in volume 
for this device. 
Consult 


the local AMD sales office to confirm 
availability 
of 
specific 
valid combinations 
and to check on newly 


released 
combinations. 


Group 
A Tests 


Group 
A tests consist 
of Subgroups 


1,2,3,7,8,9, 
10, 11. 


PIN DESCRIPTION 
AD-A17 
Address 
Inputs for memory 
locations. 
Internal 
latches 
hold addresses 
during write cycles. 


CE (E) 
The Chip Enable 
active 
low input activates 
the chip's 


control 
logic and input buffers. 
Chip 
Enable 
high will 


deselect 
the device 
and operates 
the chip in stand-by 


mode. 


DOD-D07 
Data Inputs during memory write cycles. Internal latches 
hold data during write cycles. Data Outputs during mem- 
ory read cycles. 


NC 
No Connect-corresponding 
pin is not connected 
inter- 
nally to the die. 


OE (G) 
The Output Enable active low input gates the outputs of 
the device through the data buffers during memory read 
cycles. 


AMD~ 


Vpp 
Power supply for erase and programming. 
Vpp must be 
at high voltage in order to write to the command 
register. 


The command 
register controls 
all functions 
required to 
alter the memory array contents. 
Memory contents can- 


not be altered when 
Vpp 
~ Vcc +2 V. 


Vcc 
Power supply for device operation. 
(5.0 V ± 5% or 10%) 


Vss 
Ground 


WE (W) 
The Write 
Enable 
active 
low input controls 
the write 


function 
of the command 
register to the memory 
array. 


The target address is latched on the falling edge of the 
Write Enable pulse and the appropriate 
data is latched 


on the rising edge of the pulse. 


The Am28F020A 
uses 100% TTL-Ievel control inputs to 


manage the command 
register. 
Erase and reprogram- 


ming operations 
use a fixed 12.0V ± 5% power supply. 


Read Only Memory 


Without high Vpp voltage, the Am28F020A 
functions 
as 
a read 
only 
memory 
and 
operates 
like 
a standard 
EPROM. 
The 
control 
inputs 
still 
manage 
traditional 
read, standby, 
output disable, 
and Auto select modes. 


Command Register 


The command 
register 
is enabled only when high volt- 
age is applied to the Vpp pin. The erase and reprogram- 
ming operations 
are only accessed 
via the register. 
In 
addition, 
two-cycle 
commands 
are required 
for erase 
and reprogramming 
operations. 
The traditional 
read, 
standby, 
output 
disable, 
and Auto 
select 
modes 
are 
available 
via the register. 


The Am28F020A's 
command 
register 
is written 
using 
standard 
microprocessor 
write 
timings. 
The 
register 
controls 
an internal state machine that manages all de- 


vice operations. 
For system 
design 
simplification, 
the 
Am28F020A 
is designed 
to support 
either WE or CE 
controlled 
writes. 
During 
a system 
write 
cycle, 
ad- 


dresses 
are latched 
on the falling 
edge of WE or CE 
whichever 
occurs last. Data is latched on the rising edge 
of WE orCE whichever 
occur first. To simplify the follow- 


ing discussion, 
the WE pin is used as the write cycle 
control pin throughout 
the rest of this text. All setup and 
hold times are with respect to the WE signal. 


Overview of Erase/Program Operations 


Embedded 
Erase 
Algorithm 


AMD now makes erasure extremely 
simple and reliable. 


The Embedded 
Erase 
algorithm 
requires 
the user to 
only write and erase set-up command 
and erase com- 


mand. The device 
will automatically 
pre-program 
and 
verify the entire array. The device 
automatically 
times 
the erase pulse width, 
provides 
the erase verify 
and 
counts the number of sequences. 
A status bit, Data Poll- 
ing, provides feedback 
to the user as to the status of the 
erase operation. 


Embedded 
Programming 
Algorithm 


AMD now makes 
programming 
extremely 
simple 
and 
reliable. 
The 
Embedded 
Programming 
algorithm 
requires 
the 
user 
to 
only 
write 
a program 
set-up 
command 
and a program 
command. 
The device auto- 
matically 
times the programming 
pulse width, provides 
the 
program 
verify 
and 
counts 
the 
number 
of 
se- 
quences. 
A status bit, Data Polling, provides 
feedback 
to 
the 
user 
as 
to 
the 
status 
of 
the 
programming 
operation. 


Data Protection 


The Am28F020A 
is designed 
to offer protection 
against 


accidental erasure or programming, 
caused by spurious 
system level signals that may exist during power transi- 
tions. The Am28F020A 
powers up in its read only state. 


Also, with its control 
register 
architecture, 
alteration 
of 


the memory contents only occurs after successful 
com- 


pletion of specific command 
sequences. 


The 
device 
also 
incorporates 
several 
features 
to 


prevent 
inadvertent 
write 
cycles 
resulting 
form 
Va; 


power-up 
and power-down 
transitions 
or system noise. 


Low Vcc Write Inhibit 


To avoid initiation of a write cycle during Va; power-up 
and power-down, 
a write cycle is locked out for Vcc less 


than 3.2 V (typically 3.7 V). If Vcc < VLKO,the command 
register 
is disabled 
and all internal 
program/erase 
cir- 
cuits 
are disabled. 
The device 
will reset to the read 
mode. 
Subsequent 
writes will be ignored 
until the Va; 


level is greater than VLKO. It is the users responsibility 
to 
ensure that the control pins are logically correct to pre- 
vent unintentional 
writes when Vcc is above 3.2 V. 


Write Pulse "Glitch" Protection 


Noise pulses of less than 10 ns (typical) on OE, CE or 
WE will not initiate a write cycle. 


Logical Inhibit 


Writing 
is inhibited 
by holding 
anyone 
of OE = VIL, 


CE = VIH or WE = VIH. To initiate a write cycle CE and 
WE must be a logical zero while OE is a logical one. 


Power-Up Write Inhibit 


Power-up of the device with WE = CE = VILand OE = V IH 
will not accept commands 
on the rising edge of WE. The 


internal state machine 
is automatically 
reset to the read 


mode on power-up. 


FUNCTIONAL DESCRIPTION 


Description of User Modes 


Operation 
Vpp 
CE (E) 
OE (G) 
WE(W) 
(Note 
1) 
AO 
A9 
1/0 


Read 
VIL 
VIL 
X 
VPPL 
AD 
A9 
Dour 


Standby 
VIH 
X 
X 
VPPL 
X 
X 
HIGHZ 


Output 
Disable 
VIL 
VIH 
VIH 
VpPL 
X 
X 
HIGHZ 


Read-Only 
Auto-select 
Manufacturer 
VIL 
VIL 
VIH 
VPPL 
VIL 
VID 
CODE 


Code 
(Note 2) 
(Note 3) 
(D1H) 


Auto-select 
Device 
Code 
VIL 
VIL 
VIH 
VpPL 
VIH 
VID 
CODE 
(Note 2) 
(Note 3) 
(29H) 


Read 
VIL 
VIL 
VIH 
VPPH 
AD 
A9 
Dour 
(Note 4) 


Standby 
(Note 5) 
VIH 
X 
X 
VPPH 
X 
X 
HIGHZ 
ReadlWrite 


Output 
Disable 
VIL 
VIH 
VIH 
VpPH 
X 
X 
HIGHZ 


Write 
VIL 
VIH 
VIL 
VpPH 
AD 
A9 
DIN 
(Note 6) 


Legend: 


X = Don't 
care, 
where Don't 
Care is either 
VILor VIH levels, 
VPPL= Vpp ~ Vcc + 2 V, See DC Characteristics 
for voltage 


levels 
of VPPH, 0 V < An < Vcc + 2 V, (normal 
TTL or CMOS 
input levels, 
where n = 0 or 9). 


Notes: 


1. 
VPPL may be grounded, 
connected 
with a resistor 
to ground, 
or < Vcc +2.0 
V. VPPH is the programming 
voltage 
specified 


for the device. 
Refer 
to the DC characteristics. 
When 
Vpp = VPPL, memory 
contents 
can be read but not written 
or erased. 


2. 
Manufacturer 
and device 
codes 
may also be accessed 
via a command 
register 
write sequence. 
Refer 
to Table 2. 


3. 
11.5~VID~13.0 
V 


4. 
Read 
operation 
with Vpp = VPPH may access 
array data or the Auto select 
codes. 


5. 
With Vpp at high voltage, 
the standby 
current 
is Ice + Ipp (standby). 


6. 
Refer 
to Table 3 for valid DIN during a write operation. 


7. 
All inputs 
are Don't 
Care unless 
otherwise 
stated, 
where Don't 
Care is either 
VIL or VIH levels. 
In the Auto 
select 
mode 
all 


addresses 
except 
A9 and AO must be held at VIL. 


~ 
AMD 


READ ONLY MODE 


Vpp < Vcc + 2 V 
Command Register Inactive 


Read 


The Am28F020A 
functions as a read only memory when 


Vpp < Vcc + 2 V. The Am28F020A 
has two control func- 
tions. Both must be satisfied in order to output data. CE 
controls powerto 
the device. This pin should be used for 
specific 
device 
selection. 
OE controls 
the device 
out- 
puts and should be used to gate data to the output pins if 
a device is selected. 


Address access time tACCis equal to the delay from sta- 
ble addresses 
to valid output data. The chip enable ac- 
cess time tCE is the delay from stable addresses 
and 
stable CE to valid data at the output pins. The output en- 
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming 
the addresses 
have been stable at least tACC- tOE). 


Standby 
Mode 


The Am28F020A 
has two standby 
modes. The CMOS 


standby mode (CE input held at Vcc ± 0.5 V), consumes 
less than 100 ~ 
of current. TTL standby 
mode (CE is 
held at VIH) reduces 
the current 
requirements 
to less 
than 1 mA. When in the standby mode the outputs are in 
a high impedance 
state, independent 
of the OE input. 


If the device 
is deselected 
during 
erasure, 
program- 
ming, orprogramlerase 
verification, 
the device will draw 
active current until the operation 
is terminated. 


Output 
Disable 


Output from the device is disabled when OE is at a logic 
high level. When disabled, 
output pins are in a high im- 
pedance 
state. 


Auto 
Select 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device 
may be sol- 
dered to the circuit board upon receipt of shipment 
and 
programmed 
in-system. 
Alternatively, 
the device 
may 
initially be programmed 
in a PROM programmer 
prior to 
soldering 
the device to the board. 


The Auto select mode allows the reading out of a binary 
code from the device that will identify 
its manufacturer 
and type. This mode is intendedforthe 
purpose of auto- 


matically matching the device to be programmed 
with its 
corresponding 
programming 
algorithm. 
This 
mode 
is 
functional 
over 
the 
entire 
temperature 
range 
of the 
device. 


Programming 
In A PROM Programmer 


To activate 
this 
mode, 
the 
programming 
equipment 
must force VID (11.5 V to 13.0 V) on address 
A9. Two 
identifier bytes may then be sequenced 
from the device 
outputs by toggling address AO from VILto VIH. All other 


address lines must be held at VIL, and Vpp must be less 
than or equal to VCC+ 2.0 V while using this Auto select 
mode. Byte 0 (AO = VIL) represents 
the manufacturer 
code and byte 1 (AO= VIH)the device identifier code. For 
the Am28F020A 
these two bytes are given in the table 
below. All identifiers for manufacturer 
and device codes 
will exhibit odd parity with the MSB (007) 
defined as the 
parity bit. 


(Refer to the AUTO SELECT 
paragraph 
in the ERASE, 


PROGRAM, 
and 
READ 
MODE 
section 
for program- 


ming the Flash memory device in-system). 


Code 
Type 
AO 
(HEX) 
007 
006 
DOS 
004 
003 
002 
001 
000 


Manufacturer Code 
VIL 
01 
0 
0 
0 
0 
0 
0 
0 
1 


Device Code 
VIH 
29 
0 
0 
1 
0 
1 
0 
0 
1 


ERASE, PROGRAM, AND READ MODE 


Vpp = 12.0 V ± 5% 
Command Register Active 


Write 
Operations 


High voltage 
must be applied to the Vpp pin in order to 


activate the command 
register. Data written to the regis- 


ter serves as input to the internal 
state machine. 
The 


output of the state machine determines 
the operational 


function 
of the device. 


The command 
register does not occupy an addressable 


memory 
location. The register is a latch that stores the 


command, 
along with the address and data information 


needed to execute the command. 
The register is written 


by bringing 
WE and CE to VIL, while OE is at VIH. Ad- 
dresses 
are latched 
on the falling 
edge of WE, while 


data is latched on the rising edge of the WE pulse. Stan- 
dard microprocessor 
write timings are used. 


The device requires the OE pin to be VrH for write opera- 
tion~. This condition 
eliminates 
the possibility 
for bus 


cO~lention 
during programming 
operations. 
In order to 


wrrte, OE must be VrH, and CE and WE must be VIL. If 
any pin is not in the correct state a write command 
will 


not be executed. 


Refer to AC Write Characteristics 
and the Erase/Pro- 
gramming 
Waveforms 
for specific timing parameters. 


Command 
Definitions 


The contents 
of the command 
register 
default 
to OOH 


(Read Mode) in the absence 
of high voltage applied to 
the Vpp pin. The device operates 
as a read only mem- 


ory. High voltage on the Vpp pin enables the command 
register. Device operations 
are selected 
by writing spe- 


cific data codes into the command 
register. Table 3 de- 


fines these register commands. 


Read Command 


Memory 
contents 
can be accessed 
via the read com- 


mand when 
Vpp is high. To read from the device, write 
OOHinto the command 
register. Standard 
microproces- 


sor read cycles access data from the memory. 
The de- 


vice will remain 
in the read mode until the command 
register contents 
are altered. 


The command 
register 
defaults 
to OOH (read 
mode) 
upon Vpp power-up. 
The OOH(Read Mode) register de- 
fault 
helps 
ensure 
that 
inadvertent 
alteration 
of the 
memory contents 
does not occur during the Vpp power 


transition. 
Refer to the AC Read Characteristics 
and 
Waveforms 
for the specific timing parameters. 


First 
Bus 
Cvcle 
Second 
Bus 
C cle 


Operation 
Address 
Data 
Operation 
Address 
Data 


Command 
(Note 
1) 
(Note 
2) 
(Note 
3) 
(Note 
1) 
(Note 
2) 
(Note 
3) 


Read 
Memory 
(Note 4) 
Write 
X 
OOH/FFH 
Read 
RA 
RD 


Read Auto select 
Write 
X 
SOH or 90H 
Read 
OOH/01 H 
01H129H 


Embedded 
Erase 
Set-upl 
Write 
X 
30H 
Write 
X 
30H 


Embedded 
Erase 


Embedded 
Program 
Set-upl 
Write 
X 
10H or SOH 
Write 
PA 
PO 


Embedded 
Program 


Reset 
(Note 4) 
Write 
X 
FFH 
Write 
X 
FFH 


Notes: 


1. 
Bus operations 
are defined 
in Table 
1. 


2. 
RA = Address 
of the memory 
location 
to be read. 


PA = Address 
of the memory 
location 
to be programmed. 
Addresses 
are latched 
on the falling 
edge of the WE pulse. 
X = Don't 
care. 


3. 
RD = Data read from location 
RA during 
read operation. 
PO = Data to be programmed 
at location 
PA. Data latched 
on the rising 
edge of WE. 


4. 
Please 
reference 
Reset 
Command 
section. 


~ 
AMD 


FLASH MEMORY PROGRAM/ERASE 
OPERATIONS 


AMD's Embedded Program and 
Erase Operations 


Embedded Erase Algorithm 


The automatic 
chip erase does not require the device to 


be entirely pre-programmed 
prior to executing 
the Em- 
bedded 
set-up erase command 
and Embedded 
erase 
command. 
Upon executing 
the Embedded 
erase com- 


mand the device automatically 
will program 
and verify 


the entire memory for an all zero data pattern. The sys- 
tem is not required to provide any controls ortiming 
dur, 


ing these operations. 


W~en the device 
is automatically 
verified to contain an 


all zero pattern, a self-timed chip erase and verify begin. 
The erase and verify operation 
are complete 
when the 


data on DO? is "1" (see Write Operation 
Status section) 
atwhich 
timethe 
device returns to Read mode. The sys- 


tem is not required to provide any control or timing dur- 
ing these operations. 


When using the Embedded 
Erase algorithm, 
the erase 
automatically 
terminates 
when adequate 
erase margin 


has been achieved for the memory array (no erase ver- 
ify command 
is required). The margin voltages are inter- 
nally 
generated 
in the 
same 
manner 
as when 
the 


standard 
erase verify command 
is used. 


The Embedded 
Erase Set-up command 
is a command 


only operation that stages the device for automatic 
elec- 


trical erasure of all bytes in the array. Embedded 
Erase 


Set-up 
is performed 
by writing 
30H to the command 


register. 


To commence 
automatic 
chip erase, the command 
30H 


must be written 
again to the command 
register. 
The 


automatic erase begins on the rising edge of the WE and 
terminates 
when the data on DO? is "1" (see Write Op- 


eration Status section) at which time the device returns 
to Read mode. 


Figure 5 and Table 4 illustrate the Embedded 
Erase al- 


gorithm, 
a typical command 
string and bus operation. 


Bus 
Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp 
to VPPH (1 ) 


Write 
Embedded 
Erase 
Data = 30H 
Set-Up 
Command 


Write 
Embedded 
Erase 
Data = 30H 
Command 


Read 
Data Polling 
to Verify 
Erasure 


Standby 
Compare 
Output 
to FFH 


Read 
Available 
for Read Operations 


Note: 


1. 
See DC Characteristics 
for value of VPPL. The Vpppower 
supply 
can be hard-wired 
to the device 
or switchable. 
When 
Vpp is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, 
or less than 
Vcc + 2.0 
V. Refer 
to Functional 
Description. 


Embedded Programming Algorithm 


ThejEmbedded 
Program Set-up is a command 
only op- 
eration 
that stages the device 
for automatic 
program- 
ming. 
Embedded 
Program 
Set-up 
is performed 
by 
writing 50H to the command 
register. 


Once the Embedded 
Set-up Program operation 
is per- 
formed, the next WE pulse causes a transition 
to an ac- 
tive programming 
operation. 
Addresses 
are latched on 
the falling edge of CE or WE pulse, whichever 
happens 
later. Data is latched on the rising edge of WE or CE, 
whichever 
happens 
first. The rising edge of WE also 


begins the programming 
operation. 
The system 
is not 
required to provide further controls 
or timings. 
The de- 
vice will automatically 
provide 
an adequate 
internally 
generated 
program 
pulse and verify margin. The auto- 
matic programming 
operation 
is completed 
when the 
data on DO? is equivalent 
to data written to this bit (see 
Write Operation 
Status section) at which time the device 
returns to Read mode. 


Figure 6 and Table 5 illustrate the Embedded 
Program 
algorithm, a typical command 
string, and bus operation. 


Bus Operations 
Command 
Comments 


Standby 
Wait for Vpp Ramp to VPPH(1) 


Write 
Embedded Program 
Data = SOH 


Set-Up Command 


Write 
Embedded Program 
Valid Address/Data 
Command 


Read 
Data Polling to Verify Completion 


Read 
Available for Read Operations 


Note: 


1. 
See DC Characteristics 
for value of VPPH. The Vpppower 
supply 
can be hard-wired 
to the device or switchable. 
When 
Vpp is 


switched, 
VPPLmay be ground, 
no connect 
with a resistor 
tied to ground, 
or less than Vcc + 2.a V. Refer to Functional 
Descrip- 
tion. Device 
is either powered-down, 
erase 
inhibit 
or program 
inhibit. 


Write Operation Status 


Data Polling-D07 


The Am28F020A 
features 
Data Polling as a method to 
indicate 
to the host system 
that the Embedded 
algo- 
rithms are either in progress 
or completed. 


While the Embedded 
Programming 
algorithm 
is in op- 


eration, an attempt to read the device at a valid address 
will produce the complement 
of expected 
Valid data on 
007. 
Upon completion 
of the Embedded 
Program algo- 


rithm an attempt to read the device at a valid address will 
produce Valid data on 007. 
The Data Polling feature is 


valid after the rising edge of the second WE pulse of the 
two write pulse sequence. 


While the Embedded 
Erase algorithm 
is in operation, 
007 
will read "0" until the erase operation 
is completed. 


Upon completion 
of the erase operation, 
the data on 
007 
will read "1". The Data Polling feature is valid after 


the rising edge of the second WE pulse of the two Write 
pulse sequence. 


The Data Polling feature is only active during Embedded 
Programming 
or erase algorithms. 


See Figure 7a and 8a for the Data Polling timing specifi- 
cations 
and 
diagrams. 
Data 
Polling 
is the 
standard 
method to check the write operation 
status, however, an 
alternative 
method is available 
using Toggle 
Bit. 


Read Byte 
(000-007) 
Addr=VA 


Read Byte 
(000-007) 
Addr=VA 


VA = Byte address for programming 
= XXXXH during chip erase 


Nole: 


1. 
DOl 
is rechecked 
even if 005="1" 
because 
DOl 
may change 
simultaneously 
with DOS or after DOS. 


Figure 7a. Data Polling Algorithm 


Toggle Bit-DOG 


The 
Am28F020A 
also 
features 
a "Toggle 
Bit" as a 
method to indicate to the host system that the Embed- 
ded algorithms 
are either in progress 
or completed. 


Successive 
attempts 
to read data from the device at a 
valid address, 
while the Embedded 
Program algorithm 


is in progress, 
or at any address 
while the Embedded 


Erase algorithm 
is in progress, 
will result in DOG tog- 
gling between 
one and zero. Once the Embedded 
Pro- 


gram or Erase algorithm 
is completed, 
DOG will stop 


toggling to indicate the completion 
of either Embedded 
operation. 
Only on the next read cycle will valid data be 
obtained. 
The toggle bit is valid after the rising edge of 


the first WE pulse of the two write pulse sequence, 
un- 


like Data Polling which is valid after the rising edge ofthe 
second WE pulse. This feature allows the userto 
deter- 


mine if the device is partially through the two write pulse 
sequence. 


See Figures 7b and 8b for the Toggle Bit timing specifi- 
cations and diagrams. 


Read 
Byte 


(000-007) 
Addr~VA 


Read 
Byte 


(000-007) 


Addr~VA 


VA 
= Byte address 
for programming 
= XXXXH 
during 
chip erase 


Nole: 


1. 
006 is rechecked 
even if 005="1" 
because 006 
may stop toggling at the same time as 005 
changing to "I". 


Note: 


'007= 
Valid Data (The device 
has completed 
the Embedded 
operation). 


DOS 
Exceeded 
Timing 
Limits 


DOS will indicate 
if the program 
or erase time has ex- 


ceeded 
the specified 
limits. This is a failure 
condition 


and the device 
may not be used again (internal 
pulse 


count exceeded). 
Under these conditions 
DOS will pro- 


duce 
a "1". 
The 
program 
or 
erase 
cycle 
was 
not 


successfully 
completed. 
Data Polling is the only operat- 
ing function 
of the device under this condition. 
The CE 


circuit will partially power down the device under these 
conditions 
(to approximately 
2 mAl. 
The DE and WE 


pins will control 
the output 
disable 
functions 
as de- 


scribed in Table 1. 


CE!\------------------------------- 


Note: 


'006 
stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 


Parallel 
Device 
Erasure 


The Embedded 
Erase algorithm greatly simplifies paral- 
lel ~evice erasure. Since the erase process is internal to 
the device, 
a Single erase command 
can be given to 


multiple devices concurrently. 
By implementing 
a paral- 
lel erase algorithm, 
total erase time may be minimized. 


Note that the Flash memories 
may erase at different 


rates. If this is the case, when a device 
is completely 
erased, use a masking code to prevent further erasure 
(over-erasure). 
The other devices will continue to erase 
until verified. 
The masking 
code applied 
could be the 


read command 
(OOH). 


Power-Up 
Sequence 


The Am28F020A 
powers-up 
in the Read only mode. 


Power supply sequencing 
is not required. 


Reset Command 


The Reset command 
initializes 
the Flash memory 
de- 


vice to the Read mode. In addition, 
it also provides the 
user with a safe method to abort any device operation 
(including 
program 
or erase). 


The Reset must be written two consecutive 
times after 


the Set-up Program command 
(SOH). This will reset the 


device to the Read mode. 


Following 
any other 
Flash command, 
write the Reset 
command 
once to the device. This will safely abort any 


previous operation 
and initialize the device to the Read 


mode. 


The Set-up Program 
command 
(SOH) is the only com- 


mand that requires a two-sequence 
reset cycle. The first 


Reset command 
is interpreted 
as program 
data. How- 


ever, FFH data is considered 
as null data during 
pro- 


gramming 
operations 
(memory 
cells 
are 
only 


programmed 
from a logical "1"to "0"). The second Reset 


command 
safely aborts the programming 
operation 
and 


resets the device to the Read mode. 


Memory contents 
are not altered in any case. 


This detailed 
information 
is for your reference. 
It may 


prove easier to always issue The Reset command 
two 


consecutive 
times. 
This eliminates 
the need to deter- 


mine if you are in the Set-up Program 
state or not. 


In-System 
Programming 
Considerations 


Flash memories 
can be programmed 
in-system 
or in a 
standard 
PROM programmer. 
The device may be sol- 
dered to the circuit board upon receipt of shipment 
and 
programmed 
in-system. 
Alternatively, 
the device 
may 


initially be programmed 
in a PROM programmer 
prior to 


soldering 
the device to the circuit board. 


Auto Select 
Command 


AMO's Flash memories 
are designed for use in applica- 


tions where the local CPU alters memory contents. 
In or- 
derto correctly program any Flash memories in-system, 
manufacturer 
and device 
codes 
must 
be accessible 


while the device 
resides 
in the target 
system. 
PROM 


programmers 
typically 
access the signature 
codes by 
raising A9 to a high voltage. However, 
multiplexing 
~igh 


voltage 
onto address 
lines is not a generally 
deSired 
system design practice. 


The Am28F020A 
contains 
an Auto Select operation 
to 
supplement 
traditional 
PROM programming 
methodolo- 


gies. The operation 
is initiated by writing 80H or 90H into 
the command 
register. Following 
this command, 
a read 
cycle address OOOOHretrieves the manufacturer 
code of 
01 H (AM D). A read cycle from address 
0001 H returns 


the device code 29H (see Table 2). To terminate 
the op- 
eration, it is necessary 
to write another valid command, 


such as Reset (FFH), into the register. 


Storage Temperature 
Ceramic 
Packages 
-65°C 
to +150°C 


Plastic Packages 
. . . . . . . . . . . . 
-65°C 
to +125°C 


Ambient Temperature 
with Power Applied 
-55°C 
to + 125°C 


Voltage with Respect To Ground 
All pins except A9 and Vpp (Note 1) 
-2.0 
V to +7.0 V 


Vcc (Note 1) 
-2.0 
V to +7.0 V 


A9 (Note 2) 
-2.0 
V to + 14.0 V 


Vpp (Note 2) . . . . . . . . . . . . . . . . .. 
-2.0 
V to + 14.0 V 


Output Short Circuit Current 
(Note 3) 
200 mA 


Notes: 


1. 
Minimum 
DC voltage 
on input or I/O pins is -0.5 V. During 


voltage 
transitions. 
inputs may overshoot 
Vss to -2. 0 V for 
periods 
of up to 20 ns. Maximum 
DC voltage on output and 


I/O pins is Vcc + 0.5 V. During 
voltage 
transitions. 
outputs 


may overshoot 
to Vcc + 2.0 
V for periods 
up to 20 ns. 


2. 
Minimum 
DC input 
voltage 
on A9 and 
Vpp pins is -o.5V. 


During 
voltage 
transitions. 
A9 and Vpp may overshoot 
Vss 


to -2.0 
V for periods 
of up to 20 ns. Maximum 
DC input 


voltage 
on A9 and Vpp is + 13.5 V which may overshoot 
to 
14.0 V for periods 
up to 20 ns. 


3. 
No more than one output shorted 
at a time. Duration 
of the 
short circuit 
should 
not be greater 
than one second. 


Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Rat- 


ings" may cause 
permanent 
damage 
to the device. 
This is a 
stress 
rating 
only; 
functional 
operation 
of the device 
at these 
or arr other 
conditions 
above 
those 
indicated 
in the opera- 
tional sections 
of this specification 
is not implied. 
Exposure 
of 
the 
device 
to absolute 
maximum 
rating 
conditions 
for ex- 
tended 
periods 
may affect 
device 
reliability. 


OPERATING RANGES 


Commercial 
(C) Devices 
Case Temperature 
(Tc) 
O°C to +70°C 


Industrial 
(I) Devices 


Case Temperature 
(Tc) 
-40°C 
to +85°C 


Extended 
(E) Devices 


Case Temperature 
(Tc) 
-55°C 
to +125°C 


Military 
(M) Devices 
Case Temperature 
(Tc) 
-55°C 
to +125°C 


Vcc Supply 
Voltages 
Vcc for Am28F020A-X5 
+4.75 V to +5.25 V 


Vcc for Am28F020A-XXO 
+4.50 V to +5.50 V 


Vpp Supply 
Voltages 
Read 
-0.5 
V to + 12.6 V 


Program, 
Erase, and Verify 
+11.4 V to + 12.6 V 


Operating 
ranges 
define 
those limits between 
which the func- 
tionality 
of the device is guaranteed. 


MAXIMUM OVERSHOOT 


Maximum Negative Input Overshoot 


20 ns 
20 ns 
~~rLkxmx 


-2.0V~. 
.~ 
I 


20 ns 


Vcc + 0.5 V 


2.0 V 


20 ns 


iXXXX(7j" 
"~ 


20 ns 


~I"~ 


DC CHARACTERISTICS 
over operating 
range unless otherwise 
specified 
(for APL 
Products, 
Group A, SUbgroups 
1, 2, 3, 7, and 8 are tested unless otherwise 
noted) 
(Notes 1-4) 


DC CHARACTERISTICS- TTUNMOS COMPATIBLE 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
~ 
VIN = Vcc or Vss 


ILO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
±1.0 
~ 


VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
0.2 
1.0 
mA 


CE = VIH 


Icc1 
Vcc Active 
Read Current 
Vcc = Vcc Max. CE = VIL. OE = VIH 
10 
30 
mA 


lOUT = a mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 
(Note 4) 
Programming 
in Progress 


ICC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 
(Note 4) 
Erasure 
in Progress 


Ipps 
Vpp Standby 
Current 
Vpp ~ VPPL 
±1.0 
~ 


IpP1 
Vpp Read 
Current 
Vpp = VPPH 
70 
200 


Vpp = VPPL 
±1.0 
llA 


IpP2 
VPp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


(Note 4) 
Programming 
in Progress 


IIpP3 
Vpp Erase 
Current 
Vpp = VPPH 
10 
30 
mA 


(Note 4) 
Erasure 
in Progress 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IOL= 5.8 mA 
0.45 
V 


Vcc= 
Vcc Min 


VOH1 
Output 
High Voltage 
IOH= -2.5 mA 
2.4 
V 


Vcc = Vcc Min 


VID 
A9 Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
A9 Auto Select 
Current 
A9= 
VID Max 
5 
50 
~ 
Vcc= 
Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 
Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F020A 
must not be removed 
from (or inserted 
into) a socket when 
Vee or Vpp is applied. 


2. 
Ice, is tested with OE = VIH to simulate 
open outputs. 


3. 
Maximum 
active power 
usage is the sum of Ice and Ipp. 


4. 
Not 100% tested. 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Min 
Typ 
Max 
Unit 


III 
Input Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
~ 
VIN = Vcc or Vss 


lLO 
Output 
Leakage 
Current 
Vcc = Vcc Max, 
± 1.0 
~ 
VOUT = Vcc or Vss 


Iccs 
Vcc Standby 
Current 
Vcc= 
Vcc Max 
15 
100 
~ 
CE = Vcc + 0.5 V 


ICCl 
Vcc Active 
Read Current 
Vcc = Vcc Max, CE = VIL.OE 
= VIH 
10 
30 
mA 


lOUT = 0 mA, at 6 MHz 


ICC2 
Vcc Programming 
Current 
CE = VIL 
10 
30 
mA 


(Note 4) 
Programming 
in Progress 


ICC3 
Vcc Erase 
Current 
CE = VIL 
10 
30 
mA 


(Note 4) 
Erasure 
in Progress 


Ipps 
Vpp Standby 
Current 
Vpp = VPPL 
± 1.0 
~ 


IpP1 
Vpp Read Current 
Vpp = VpPH 
70 
200 
~ 


IpP2 
Vpp Programming 
Current 
Vpp = VPPH 
10 
30 
mA 


(Note 4) 
Programming 
in Progress 


IpP3 
Vpp Erase 
Current 
Vpp = VpPH 
10 
30 
mA 


(Note 4) 
Erasure 
in Progress 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
0.7 Vcc 
Vcc 
V 
+ 0.5 


VOL 
Output 
Low Voltage 
IQL= 5.8 mA 
0.45 
V 


Vcc = Vcc Min 


VOH1 
IOH= -2.5 mA, Vcc = Vcc Min 
0.85 


Output 
High Voltage 
Vcc 
V 
VOH2 
IOH= -1 00 ~A, Vcc = Vcc Min 
Vcc 
-0.4 


VID 
Ag Auto Select 
Voltage 
A9 = VID 
11.5 
13.0 
V 


liD 
Ag Auto Select 
Current 
A9 = VID Max 
5 
50 
~ 
Vcc= 
Vcc Max 


VPPL 
Vpp during 
Read-Only 
Note: 
Erase/Program 
are 
0.0 
Vcc 
V 


Operations 
inhibited 
when 
Vpp = VPPL 
+2.0 


VPPH 
Vpp during 
Read/Write 
11.4 
12.6 
V 


Operations 


VLKO 
Low Vcc Lock-out 
Voltage 
3.2 
V 


Notes: 


1. 
Caution: 
the Am28F020A 
must not be removed 
from 
(or inserted 
into) a socket 
when 
Vee or Vpp is applied. 


2. 
leel is tested 
with DE = V,H to simulate 
open outputs. 


3. 
Maximum 
active power 
usage 
is the sum of Ice and Ipp. 


4. 
Not 
100% tested. 


• 
-55°C 
--0-- 
QOC 


• 
25°C 
--<>-- 
7QoC 
* 
125°C 


Figure 9. Am28F020A 
. Average 
Ice Active vs. Frequency 


Vee = 5.5 V, Addressing 
Pattern = Minmax 


Data Pattern = Checkerboard 


Parameter 
Symbol 
Parameter 
Description 
Test 
Conditions 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 0 
8 
10 
pF 


COUT 
Output 
Capacitance 
VOUT = 0 
8 
12 
pF 


CIN2 
Vpp Input Capacitance 
Vpp = 0 
8 
12 
pF 


Notes: 


1. 
Sampled, 
not 
100% tested. 


2. 
Test conditions 
TA = 25"C, 
f = 1.0 MHz 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
AC CHARACTERISTICS-Read 
Only Operation (Notes 1-4) 


Parameter 
Am28F020A 


Symbols 
-90 
-120 
·150 
·200 
-250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
tRC 
Read Cycle 
Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 4) 
Max 


tELQV 
tCE 
Chip Enable 
Min 
Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


tAVQV 
tACC 
Address 
Min 
Access 
Time 
Max 
90 
120 
150 
200 
250 
ns 


tGLQV 
tOE 
Output 
Enable 
Min 
Access 
Time 
Max 
35 
50 
55 
55 
55 
ns 


tELQX 
tLl 
Chip Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tEHQl 
tDF 
Chip Disable 
to 
Min 
Output 
in High Z (Note 3) 
Max 
20 
30 
35 
35 
35 
ns 


tGLQX 
tOLl 
Output 
Enable 
to 
Min 
0 
0 
0 
0 
0 
ns 
Output 
in Low Z (Note 4) 
Max 


tGHQl 
tDF 
Output 
Disable 
to 
Min 
Output 
in High Z (Note 4) 
Max 
20 
30 
35 
35 
35 
ns 


tAXQX 
tOH 
Output 
Hold from first of 
Min 
0 
0 
0 
0 
0 
ns 
Address, 
CEo or OE Change 
Max 
(Note 4) 


tWHGL 
Write 
Recovery 
Min 
6 
6 
6 
6 
6 
I.ls 


Time before 
Read 
Max 


tvcs 
VCC Set-up 
Time to 
Min 
50 
50 
50 
50 
50 
I.lS 


Valid Read 
(Note 4) 
Max 
Notes: 


1. 
Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0.45 to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2 V 
Outputs: 
0.8 V and 2 V 


2. 
The Am28F020A-95 
Output 
Load: 
1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: < 10 ns 
Input Pulse 
levels: 
0 to 3 V 
Timing Measurement 
Reference 
Level: 
1.5 V inputs 
and outputs. 
3. 
Guaranteed 
by design 
not tested. 


4. 
Not 
100% tested. 


Parameter 
Am28F020A 
Symbols 
-90 
-120 
-150 
·200 
·250 
JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twc 
Write 
Cycle Time 
Min 
90 
120 
150 
200 
250 
ns 


(Note 6) 
Max 


!AVWL 
tAS 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
ns 


Max 


tWLAX 
tAH 
Address 
Hold Time 
Min 
45 
50 
60 
75 
75 
ns 
Max 


tDVWH 
tDS 
Data Set-Up 
Time 
Min 
45 
50 
50 
50 
50 
ns 
Max 


tWHOX 
tOH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
ns 


Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 


only (See Figure 
8) 


tGHWL 
Read 
Recovery 
Time 
Min 
0 
0 
0 
0 
0 
l!s 
before 
Write 
Max 


IELWLE 
tCSE 
Chip Enable 
Embedded 
Min 
20 
20 
20 
20 
20 
ns 


Algorithm 
Setup 
Time 
Max 


tWHEH 
tCH 
Chip Enable 
Min 
0 
0 
0 
0 
0 
ns 


Hold Time 
Max 


tWLWH 
twp 
Write 
Pulse Width 
Min 
45 
50 
60 
60 
60 
ns 


Max 


tWHwL 
tWPH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tWHWH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
l!s 
Operation 
(Note 4) 
Max 


tWHWH4 
Embedded 
Erase 
Typ 
5 
5 
5 
5 
5 
S 
Operation 
(Note 5) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Min 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tvcs 
Vcc 
Set-Up 
Time to 
Min 
50 
50 
50 
50 
50 
l!s 
Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
ns 


90% VPPL (Note 6) 
Max 


tLKO 
Vcc < VLKO 
Min 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 


Characteristics 
for Read 
Only operations. 


2. 
All devices 
except 
Am28F020A-95. 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.45 
V to 2.4 
V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F020A-95. 
Input Rise and Fall times: 
< 10 ns; Input Pulse Levels: 
0.0 V to 3.0 V 


Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 14 J1Sconsists 
of 10 J1sprogram 
pulse 
and 4 J1s write recovery 
before 
read. 
This is 


the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 sec consists 
of 4 sec array pre-programming 
time and one see array 
erase 
time. 
This is a 


typical 
time for one embedded 
erase operation. 


6. 
Not 
100% tested. 


Must Be 
Steady 


Will Be 
Steady 


Will Be 
Changing 
from 
H to L 


Will Be 
Changing 
from 
L to H 


Changing, 
State 
Unknown 


Center 
Line is High- 
Impedance 
"Off" State 


\\\\\ 


May 
Change 
from H to L 
IIIII 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


Device 
and 
Outputs 
Data 


Power-up, 
Standby 
Address 
Selection 
Enabled 
Valid 


5.0 V 


Vcc 
OV 


Figure 10. AC Waveforms 
for Read Operations 


12.0 Volt, Bulk Erase Flash Memories 


Embedded 
Embedded 
Erase 
Set-Up 
Erase 


~tDF 


Note: 


1. 
DO? is the output 
of the complement 
of/he 
data written to the device. 


Embedded 
Program 
Set-Up 
Embedded 
Program 


Notes: 


1. 
DIN is data input to the device. 


2. 
007 
is the output of the complement 
of the data written to the device. 


3. 
Dour 
is the output of the data written to the device. 


AC CHARACTERISTICS-Write/Erase/Program 
Operations (Notes 1- 6) 


Alternate CE Controlled Writes 


Parameter 
Am28F020A 


Symbols 
-90 
-120 
-150 
-200 
·250 


JEDEC 
Standard 
Parameter 
Description 
-95 
- 
- 
- 
- 
Unit 


tAVAV 
twe 
Write 
Cycle Time 
Min 
90 
120 
150 
200 
250 
ns 
(Note 6) 
Max 


tAVEL 
tAS 
Address 
Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
ns 


Max 


tELAX 
!AH 
Address 
Hold Time 
Min 
45 
50 
60 
75 
75 
ns 


Max 


tDVEH 
tDS 
Data Set-Up 
Time 
Min 
45 
50 
50 
50 
50 
ns 


Max 


tEHDX 
tDH 
Data Hold Time 
Min 
10 
10 
10 
10 
10 
ns 


Max 


tOEH 
Output 
Enable 
Hold Time 
Min 
10 
10 
10 
10 
10 
ns 
for Embedded 
Algorithm 
Max 
only (See Figure 
8) 


tqHEL 
Read Recovery 
Time 
Min 
0 
0 
0 
0 
0 
I-ls 
before 
Write 
Max 


tWLEL 
tws 
WE Set-Up 
Time 
Min 
0 
0 
0 
0 
0 
ns 
by CE 
Max 


tEHWK 
tWH 
WE Hold Time 
Min 
0 
0 
0 
0 
0 
ns 


Max 


tELEH 
tep 
Write 
Pulse Width 
Min 
65 
70 
80 
80 
80 
ns 
Max 


tEHEL 
tePH 
Write 
Pulse 
Min 
20 
20 
20 
20 
20 
ns 
Width 
HIGH 
Max 


tEHEH3 
Embedded 
Programming 
Min 
14 
14 
14 
14 
14 
I-ls 
Operation 
(Note 4) 
Max 


tEHEH4 
Embedded 
Erase 
Typ 
5 
5 
5 
5 
5 
S 
Operation 
(Note 5) 
Max 


tVPEL 
Vpp Set-Up 
Time to 
Typ 
100 
100 
100 
100 
100 
ns 
Chip Enable 
LOW (Note 6) 
Max 


tves 
Vee Set-Up 
Time to 
Typ 
50 
50 
50 
50 
50 
I-ls 
Chip Enable 
LOW (Note 6) 
Max 


tVPPR 
Vpp Rise Time 
Typ 
500 
500 
500 
500 
500 
ns 


90% VPPH (Note 6) 
Max 


tVPPF 
Vpp Fall Time 
Min 
500 
500 
500 
500 
500 
ns 


Max 


tLKO 
Vee < VLKO 
Min 
100 
100 
100 
100 
100 
ns 
to Reset 
(Note 6) 
Max 


Notes: 


1. 
Read 
timing 
characteristics 
during 
read/write 
operations 
are the same as during 
read-only 
operations. 
Refer 
to AC 
Characteristics 
for Read 
Only operations. 


2. Alldevices 
except 
Am28F020A-95. 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.45 
V to 2.4 V 
Timing 
Measurement 
Reference 
Level: 
Inputs: 
0.8 V and 2.0 
V; Outputs: 
0.8 V and 2.0 
V 


3. 
Am28F020A-95. 
Input Rise and Fall times: < 10 ns; Input Pulse 
Levels: 
0.0 V to 3.0 V 
Timing 
Measurement 
Reference 
Level: 
Inputs and Outputs: 
1.5 V 


4. 
Embedded 
Program 
Operation 
of 14 J1s consists 
of 10 J1sprogram 
pulse 
and 4 J1s write recovery 
before 
read. 
This is 
the minimum 
time for one pass 
through 
the programming 
algorithm. 


5. 
Embedded 
erase 
operation 
of 5 sec consists 
of 4 sec array pre-programming 
time and one sec array 
erase 
time. 
This is a 
typical 
time for one embedded 
erase operation. 


6. 
Not 
100% tested. 


Embedded 
Program 
Set-Up 


Embedded 
Program 


Notes: 


1. 
DIN is data input 
to the device. 


2. 
DO? is the output 
of the complement 
of the data written 
to the device. 


3. 
Dour 
is the output 
of the data written 
to the device. 


Figure 13. AC Waveforms 
for Embedded 
Programming 
Operation 
Using CE Controlled 
Writes 


Device 
Under 
Test 


Diodes 
= IN3064 


or Equivalent 


2.0 V> 
Test Points 


0.8 V 


2.0 V 
< 
0.8 V 


3 V ---- 
----------V- 


o V 
X.s-- 
Test Points --1.5A.- 


All Devices 
Except 
Am28F020A-95 


AC Testing: 
Inputs are driven 
at 2.4 V for a 
logic "1" and 0.45 Vlor 
a logic "0". Input pulse 
rise and fall times 
are < 10 ns. 


AC Testing: 
Inputs 
are driven 
at 3.0 V for a 
logic "1" and 0 V for a logic "0". Input pulse 
rise 
and fall times 
are < 10 ns. 


limits 


Max 
Parameter 
Min 
Typ 
(Note 
3) 
Unit 
Comments 


Chip Erase Time 
1 
10 
s 
Excludes 
OOH programming 
(Note 
1) 
(Note 2) 
prior to erasure 


Chip Programming 
Time 
4 
25 
s 
Excludes 
system-level 
overhead 
(Note 
1) 


Write/Erase 
Cycles 
100,000 
Cycles 


Byte Program 
Time 
14 
j.1s 


96 
(Note 4) 
ms 
Notes: 


1. 25"C, 
12 V Vpp 


2. 
The Embedded 
algorithm 
allows 
for 60 second 
erase time for military 
temperature 
range 
operations. 


3. 
Maximum 
time specified 
is lower 
than worst case. 
Worst case is derived 
from the Embedded 
Algorithm 
internal 
counter 
which allows 
for a maximum 
6000 pulses 
for both program 
and erase operations. 
Typical 
worst case for program 
and erase 


is significantly 
less than the actual 
device 
limit. 


4. 
Typical 
worst case = 84 Jis. 005 = "1" only after a byte takes longer 
than 96 ms to program. 


Min 
Max 


Input Voltage 
with respect 
to Vss on all pins except 
I/O pins 
(Including 
A9 and Vpp) 
-1.0 
V 
13.5 V 


Input Voltage 
with respect 
to Vss on all pins I/O pins 
-1.0 
V 
Vcc + 1.0 V 


Current 
-100 
mA 
+100 
mA 


Includes 
all pins except 
Vcc. 
Test conditions: 
Vcc = 5.0 V, one pin at a time. 


Parameter 
Test 
Conditions 
Min 
Unit 


Minimum 
Pattern 
Data Retention 
Time 
150°C 
10 
Years 


125°C 
20 
Years 


DATA SHEET REVISION SUMMARY FOR 
Am28F020A 


Data sheet is Final now, and not Preliminary. 


Functional 
Description 
- Table 
1 


Legend: 
Vpp should be less than or equal to Vcc + 2 V 


Erase, 
Program 
and Read Mode - Write 
Operations 


Removed 
Command 
Register Table and Bit 
assignments. 


Erase, 
Program 
and Read Mode - Read Command 


The statement 
requiring 
a 6 j.lS wait before accessing 
the first addressed 
location was removed. 


Table 3 - Am28F010A 
Command 
Definitions 


The note describing 
a 6 j.lS wait before accessing 
the 


first addressed 
location was removed. 


Figure 
5 - Embedded 
Erase Algorithm 


Clarified figure to illustrate the Embedded 
Erase 
Algorithm. 


Embedded 
Programming 
Algorithm 


Added 
references 
that addresses 
are also latched on 


the falling edge of CE, and data is also latched on the 
rising edge of CE, whichever 
happens 
later. 


Figure 
6 - Embedded 
Programming 
Algorithm 


Clarified figure to illustrate the Embedded 
Erase 
Algorithm. 


Write 
Operation 
Status 
- Data Polling 
D07 


Added statement 
that an attempt to read the device at a 


valid address will produce valid data on DO? 


Figure 
7a - Data Polling 
Algorithm 


Clarified figure to illustrate the Data Polling Algorithm. 


Write 
Operation 
Status 
- Toggle 
Bit D06 


Added statement 
that successive 
reads from the device 
will result in D06 toggling 
between 
'1' and '0'. 


Figure 
7b - Toggle 
Bit Algorithm 


Clarified figure to illustrate 
the Toggle Bit Algorithm. 


Figure 
sa - AC Waveforms 
for Data Polling 
During 
Embedded 
Algorithm 
Operations 


Clarified figure to illustrate the Data Polling Algorithm. 


D05 - Exceeded 
Timing 
Limits 


Added statement 
that this is a failure condition 
and the 
device may not be used again. 


Figure 
8b - AC Waveforms 
for Toggle 
Bit During 
Embedded 
Algorithm 
Operations 


Clarified figure to illustrate the Toggle 
Bit Algorithm. 


Parallel 
Device 
Erasure 


Removed erroneous 
reference. 


Reset Command 


Added this section. 


In-System 
Programming 
Considerations 


Title was changed. 


Auto 
Select 
Command 


Added 
second 
paragraph 
describing 
the Auto select 
command. 


DC Characteristics 
- TTUNMOS 
Compatible 


Added 
Note 
4. Those 
characteristics 
are 
not 
100% 


tested. 


DC Characteristics 
- CMOS Compatible 


Added 
Note 
4. Those 
characteristics 
are not 
100% 
tested. 


AC Characteristics 
- Write/Erase/Program 
Operations 
(Notes 
1-6) 


Embedded 
Programming 
Operation 
(tWHWH3)requires 
minimum 
of 14 j.lS. 


Figure 
11 - AC Waveforms 
for Embedded 
Erase 
Operation 


Data Polling section does not require a Program 
Address. 
DO? was inserted. 


Figure 
12 - AC Waveforms 
for Embedded 
Pro- 
gramming 
Operation 


Embedded 
Program section needs a Program Address. 


DO? was inserted. 


AC Characteristics 
- Write/Erase/Program 
Operations 
(Notes 
1-6) 


Alternate 
CE Controlled 
Writes 


Embedded 
Programming 
Operation 
(tEHEH3)requires 
minimum 
of 14 j.lS. 


Figure 
13 - AC Waveforms 
for Embedded 
Pro- 


gramming 
Operation 
Using CE Controlled 
Writes 


Embedded 
Program section requires Program Address. 


DO? was inserted. 
Changed 
tWHWH3to tEHEH3. 
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Embedded Algorithms 
In Flash Memories 
~ 
Advanced 
Micro 
Devices 
Application Note 
by Mike Harris 


Despite their instant popularity, 
the first 12.0 V Flash memories 
introduced 
in the late 80s had several 
drawbacks. 
One of the concerns 
most often voiced by system software 
designers 
was the need for 
cumbersome 
programming 
sequences 
to program 
and erase the devices. 
Embedded 
Algorithms 
were developed 
to eliminate 
these concerns. 


THE DRAWBACKS OF PROGRAMMING 
WITH FIRST GENERATION ALGORITHMS 


Figure 
1 shows 
the flowchart 
for programming 
Flash 
devices 
using 
first generation 
algorithms. 
The steps 
needed to program 
a single byte of memory 
are illus- 
traled 
in simplistic 
block diagram 
form. The program- 
ming code itself is obviously 
much more complex. 
The 


erase sequence 
is similar 
except 
Flash devices 
must 
first be programmed 
to all zeros prior to being erased. 


A 
completed 
listing 
of 
code 
performing 
all 
of 
the 
program/erase 
functions 
for a Flash memory 
typically 
contains 100-200 lines. Although 
sample code can be 
obtained 
from 
the 
device 
manufacturer, 
designers 
usually need to generate 
their own code specific to the 
individuality 
of their application. 
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This 
extensive 
programming 
requirement 
has 
many 
disadvantages 
and can be quite costly. First, of course, 
is the amount 
of time required 
to generate 
and debug 
this code. Since prior designs 
utilizing 
EPROMs 
were 
programmed 
offline, 
most software 
engineers 
are not 
familiar with the programming 
of Flash memories. 
They 
find that the programming 
process is initially lengthy and 
error prone. The cost to the user includes 
not only the 
obvious 
cost of software 
development 
but also the lost 
opportunity 
costs resulting from time to market delays. 


Another 
concern 
is the potential 
long term impact on 
system 
reliability 
caused 
by 
overstressing 
a 
Flash 
device. 
Since 
cycling 
endurance 
can be affected 
by 
improper 
writing 
or erasing, 
software 
bugs can cause 


latent field failures 
even in systems 
that appear 
error 
free in development. 
In fact, most customer 
returns at 
AMD 
have been traced 
to software 
errors generated 
during system development. 


SIMPLIFYING FLASH PROGRAMMING 


AMD was the first company 
to recognize 
the need to 
simplify 
programming 
of Flash memories 
and incorpo- 


rated it in the design 
of its first 2 Mbit Flash memory. 


Figure 2 illustrates the Embedded 
Program ™ Algorithm. 


The system 
processor 
simply 
issues 
the write set-up 
command 
followed 
by the 
write 
command 
and 
the 


internal state machine on the device takes over control 
of the write 
operation. 
The system 
processor 
simply 
does 
DATA polling 
until the device 
indicates 
that the 
write operation 
is complete. 
This simplicity 
is even more 
pronounced 
during an erase operation 
since each byte 
of the memory must be individually 
programmed 
prior to 
erase. 
The 
Embedded 
Erase™ 
Algorithm 
internally 
writes 
all zeros 
to each 
byte and then 
performs 
the 
erase. This entire sequence 
is controlled 
internally 
and 
is transparent 
to the host processor. 


OTHER ADVANTAGES OF EMBEDDED 
ALGORITHMS 


Besides simplifying 
the complex 
programming 
of Flash 
memories, 
Embedded 
Algorithms 
offer 
these 
other 
important 
advantages 
to the designer: 


Reduced 
system 
overhead 
- 
Since 
the 
Embedded 
Algorithms 
are completely 
automatic, 
the system proc- 
essor 
is free 
to 
perform 
other 
functions, 
such 
as 
servicing 
interrupts, 
during 
the write 
or erase 
opera- 
tions. 


Improved 
program/erase 
time - The Embedded 
Algo- 
rithms are designed to perform write/erase 
operations 
in 
the most efficient way possible. 
All system overhead 
is 
eliminated. 


Increased 
cycling 
endurance 
- 
By 
including 
a self 
correcting 
mechanism, 
Flash memories 
incorporating 
AMD's Embedded 
Algorithms 
will operate to a minimum 


of 100,000 endurance 
cycles. 


JEDEC 
standards 
for 
self 
programming 
of 
Flash 


devices 
are 
now 
being 
developed. 
The 
Embedded 


Algorithms 
incorporated 
in all of AMD's 
Flash devices 


conform to these standards. 


AMD~ 


SUMMARY 


The 
benefits 
of Embedded 
Algorithms 
are available 
today 
from 
AMD 
on first generation 
12.0 V devices 
(Am28F010A 
and the Am28F020A) 
and well 
as the 
5.0 V, fully sectored 
Am29F 
family, 
Employing 
these 
algorithms 
in existing designs will allow you to increase 
your system's 
endurance 
to over 100K cycles. 
In new 
designs. system development 
will be simplified and time 
to market reduced. 


Achieving 
100,000 Cycle Endurance: 
A Report on Flash Endurance 
and Reliability 


~ 
Advanced 
Micro 
Devices 


This article discusses 
the Advanced 
Micro Devices approach to achieving and guaranteeing 
superior 
Flash endurance. 
The data presented 
will prove that AMD's 
100,000 cycle Flash devices provide 
the 
highest endurance 
and reliability 
levels in the industry. 


Today's typical Flash applications 
are perfectly suited to 
10,000 cycle endurance 
devices. This industry standard 
level of endurance 
is appropriate 
for applications 
such 
as PC BIOS and other designs 
that require infrequent 
code updates. At the same time, new Flash applications 
are currently 
being developed 
which require data to be 
reprogrammed 
more than 
10,000 
times. 
For applica- 
tions of this sort, such as solid state hard disks, industry 
standard 
Flash devices 
cannot 
be counted 
on to per- 
form reliably. 
AMD has revolutionized 
this segment 
of 
the Flash market with the new Embedded 
Program r••• 


and Embedded 
Eraser •••Algorithms, 
which 
guarantee 
100,000 write/erase 
cycles. 


What is Endurance? 


Endurance 
is a popular term in the Flash industry. What 
exactly 
does endurance 
mean, 
and how should 
it be 
measured? 


AMD defines 
endurance 
as the number 
of write/erase 
cycles a Flash device can withstand 
without failure. En- 
durance 
must 
be 
measured 
under 
the 
worst-case 
conditions 
of the system environment, 
in order to guar- 
antee products which operate across the range of data 
sheet specifications. 


Understanding 
endurance 
is essential for AM D, in order 
to manufacture 
superior 
Flash devices. 
Flash consum- 


ers 
must 
also 
understand 
the 
issues 
involved 
in 
achieving and guaranteeing 
endurance, 
so that they are 
assured of choosing 
the best devices on the market. 
In 
particular, 
consumers 
whose designs 
require extended 
endurance, 
i.e., more than 10,000 cycles, should be es- 
pecially concerned 
with these issues. 


Two failure 
modes 
are typically 
associated 
with Flash 
memories: 
hard failures 
and soft failures. 
Hard failures 
are complete 
and unrecoverable, 
and their root cause 
lies in the manufacturing 
process. 
Closely 
controlled 
manufacturing 
processes 
eliminate 
hard 
failures 
in 
AMD's 
Flash devices, 
increasing 
the level of device 
quality and reliability. 


Flash memory endurance 
is typically 
limited by soft fail- 
ures. Soft failures 
occur when 
random 
bits erase too 


quickly. Flash memories are erased in blocks, and since 
not all bits exhibit identical erase characteristics, 
a fast- 
erasing 
bit must be exposed 
to the erase voltage 
until 
the slowest bit is erased. As a result, the fast bits can be 
erased '100 much, "forcing the transistor cells into deple- 
tion 
mode. 
This 
condition 
is called 
over-erase. 
An 
over-erased 
bit 
produces 
a 
leakage 
current 
which 
causes an entire column to malfunction. 
The result seen 
by the user is a system failure. 


AMD's Embedded Algorithm: The Key to 
Extended Endurance 


The soft failures 
described 
above 
occur 
in all Flash 
memories. 
These failures are precisely 
the reason that 
today's Flash devices are currently 
limited to 10,000 cy- 
cles. 
Applications 
which 
perform 
more 
than 
10,000 
write/erase 
cycles 
may jeopardize 
system 
reliability 
if 
standard 
rated 
10,000 
cycle 
Flash 
devices 
are de- 
signed in. 


Now, Advanced 
Micro Devices makes extended 
endur- 
ance Flash applications 
possible with the introduction 
of 
the Embedded 
Program 
and Embedded 
Erase Algo- 
rithms. 
AM D's 
Embedded 
Algorithm 
incorporates 
a 
function 
which seeks out and corrects 
soft failures, 
al- 
lowing 
these 
devices 
to be guaranteed 
for 
100,000 
write/erase 
cycles (actual device performance 
may be 
orders of magnitude greater). The Embedded 
Algorithm 
extends 
endurance 
by automatically 
recovering 
over- 
erased 
bits, 
making 
soft failures 
transparent 
to the 
system. 
Flash devices that do not support these algo- 
rithms are incapable 
of recovering 
soft failures; 
thus, 


they cannot guarantee 
100,000 write/erase 
cycle endur- 


ance. Only AMD offers this self-correcting 
mechanism 
that 
makes 
extended 
endurance 
Flash 
applications 
possible. 


Failure Rate Comparison 


Figure 1 illustrates 
AMD's significant 
endurance 
advan- 
tage 
over 
other 
standard 
rated 
10,000 
cycle 
Flash 
products. 
The 
graph 
shows 
that 
the 
endurance 
of 
AM D's 100,000 cycle Embedded Algorithm devices rep- 
resent a significant 
breakthrough 
in Flash endurance, 


as illustrated 
by the nearly flat failure rate curve. 
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Figure 
1. Failure 
Rate Comparison: 


Standard 
Rated 10K Cycle 
Flash 
Product 
vs. AMD 100K Rated Product 


AMD's Embedded 
Algorithm devices represent a signifi- 


cant technology 
advancement 
in Flash endurance. 


Test results 
prove that AMD's 
Flash technology 
pro- 
duces 
superior 
endurance. 
As 
Table 
1 shows, 
the 


endurance 
failure rate at 100,000 cycles for AMD's Em- 


bedded Algorithm 
devices 
is less than 0.25%. 


No. of 
Initial 
Failures@ 


Device 
Lots 
Qty 
10K 
25K 
50K 
100K 


Am28F010A 
5 
1159 
0/1159 
0/445 
0/445 
1/445 


Am28F020A 
2 
420 
2/420 
1/418 
0/248 
0/248 
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Endurance and Reliability 


Endurance 
and reliability 
are equally 
important 
issues, 
though not exactly synonymous. 
Reliability refers to the 
absence 
of hard failure 
mechanisms, 
which 
can be 
eliminated 
during processing. 
AMD's Flash manufactur- 
ing 
processes 
are 
carefully 
controlled 
to 
produce 
products 
with immunity 
from hard failures. 
Endurance, 
as discussed 
earlier, 
relates to the occurrence 
of soft 
failures. AMD's Embedded 
Algorithm guarantees 
supe- 
rior endurance 
by correcting 
soft failures 
in-system. 


AMD understands 
that from a customer's 
perspective, 
all failures are unacceptable, 
regardless 
of their cause. 
For this reason, 
AMD's 
Flash devices combine 
unsur- 
passed 
reliability 
and endurance 
for protection 
against 
hard failures 
as well as soft failures. 
Reliability 
tests 


show that AMD's 
Flash process 
technology 
provides 
unmatched 
immunity 
from hard failures: 
less than 10 
FITs on both High Temperature 
Operating 
Life (HTOL, 
150°C, Vcc = 6.5 V) and Data Retention 
Bake (ORB, 
150°C, 
unbiased) 
using 
the 
60% 
UCL 
calculation 
at 55°C. 


Reliability 
data also prove that AMD's 
unparalleled 
en- 
durance is achieved without sacrificing 
reliability. 
HTOL 
and ORB reliability 
tests were performed 
on the same 
Embedded 
Algorithm 
devices 
that 
had 
been 
cycled 
100,000 times. 
Table 2 shows that even after 
100,000 
cycles, 
there were NO reliability 
failures. 
Flash endur- 
ance 
and 
reliability 
are 
two 
distinct 
and 
important 
issues, and the data proves that AM 0 is superior in both. 


Device 


Am28F010A 


1000 Hrs 


0/100 


Table 
2b. HTOL Reliability 
Results 
@ 6.5 V Vcc, 150°C after 
100,000 
Write/Erase 
Cycles 


Device 


Am28F010A 


1000 Hrs 


0/180 


AMD is the technology 
leader in Flash memories. 
At the 
10,000 cycle level, AMD offers devices compatible 
with 
the industry standard. 
At the 100,000 cycle level, AM D's 
Embedded 
Algorithm 
devices are unmatched 
in the in- 
dustry, 
truly 
guaranteeing 
100,000 
cycle 
endurance. 


For leadership 
in higher endurance, 
reliability, 
and qual- 
ity in Flash memories, 
look to AMD: 
your Flash leader! 


For further 
information, 
please contact your local AMD 
sales representative. 


5.0 Volt-only 
Flash Memory 
Negative Gate Erase Technology 
~ 
Advanced 
Micro 
Devices 


Advanced 
Micro 
Devices' 
Negative 
Gate 
Erase, 
5.0 V-only technology 
is the most cost-effective 
and reli- 


able approach to single-supply 
Flash memories. The in- 


novative 
approach 
AMD 
has 
taken 
to 
5.0 
V-only 


technology 
provides 
designed-in 
reliability that is equal 


to that of its 12.0 V devices. 
In fact, transistor oxides are 


not subjected to any voltages higherthan 
on AMD's 12.0 


V devices. This approach 
minimizes 
internal power gen- 
erating requirements 
which results in a negligible impact 


on die size because 
of the 5.0 V-only 
reprogramming 


capability. 


The 
minimal 
power 
requirement 
of AMD's 
Negative 


Gate Erase, 5.0 V-only technology 
is made possible by 


design 
techniques 
which 
use the systems' 
Vcc power 


supply to provide the 10-20 mA (peak) current for Band- 
to-Band 
tunneling. 
Erase 
operations 
are 
performed 


when the system 
Vcc voltage 
is applied to the source 
terminal 
and the gate is pumped to a negative voltage. 
Less than 10 llA of current is required on the gate to en- 
able Fowler-Nordheim 
tunneling. 


Negative 
Gate 
Erase 
uses 
the 
same 
mechanism 
to 


erase a cell as the company's 
12.0 V devices. Program- 


ming 
operations 
are performed 
with positive 
voltage 
pumped 
on the gate terminal 
at less than 10 llA of cur- 


rent. Hot channel electrons 
are injected into the floating 


gate in the same manner as 12.0 V devices. 


The 5.0 V-only cell layout and geometry 
are comparable 


to the 12.0 V Flash memory cell. This ensures long term 
scalability 
equal to conventional 
12.0 V flash designs 
without any penalty in die size. AMD added Dual Layer 
Metql (DLM) technology 
to implement 
its flexible sector 


erase 
architecture. 
AMD's 
unique 
sector 
isolation 


ensures 
reliable endurance 
cycling of at least 1OOK cy- 


cles for each sector whether 
erased 
individually 
or in 


combination. 


AM D's innovative 
charge pump design techniques 
allow 
this device to consume 
less power than 12.0 V devices 
during 
write 
operations. 
Approximately 
90% 
charge 
pump efficiency 
is achieved with AM D's unique diode Vt 
cancellation 
techniques. 
In addition, 
the charge 
pump 


design minimizes 
noise and ripple associated 
with volt- 


age conversion 
circuits. 


The culmination 
of these 
innovative 
design techniques 
makes 
this device 
ideal for power 
sensitive 
portable 
applications. 


CHARGE PUMP CHARACTERISTICS- 
OVERVIEW 


Before discussing 
the details of AMD's 5.0 V-only tech- 


nology 
it is helpful 
to review 
the 
basic 
concepts 
of 


charge 
pump design. 
These 
concepts 
apply to stand 
alone DC/DC 
converters 
as well as charge pumps inte- 


grated into the device silicon. All charge pump designs 
share common 
characteristics. 
For instance 
the avail- 


able current from a voltage pump is determined 
by the 
Zout and Voutof the circuit. 


• 
Zoutis proportional 
to n/(C*F) 


- 
n = # of charge pump stages 


- 
C = capacitor 
size of each stage 


- 
F = clock rate 


• 
Voutis proportional 
to n . (Vcc - Vo;ode) 


- 
n = # of charge pump stages 


- 
VOUI= Device Vcc 


- 
VOiode= voltage 
drop of charge 
pump blocking 
diode 


• 
Noise is proportional 
to L . (di/dt) 


- 
L = bond wire inductance 


- 
dildt = rate of current change 


There 
are 
a number 
of issues 
to note 
about 
these 
relationships. 


The silicon area of the charge 
pump is determined 
by 


the product of nand 
C (number 
of stages times the ca- 


pacitor 
size). Efficient 
use of chip silicon 
requires 
this 


product to be as small as possible. 


The efficiency of the voltage generated 
by the pump cir- 
cuitry is increased 
as the effective 
voltage 
drop of the 


charge pump blocking diode is reduced 
(Vcc - VOiode). 


The voltage 
available 
at the output of the pump (when 
current 
is drawn) 
increases 
when Zout decreases. 
Zout 


decreases 
as either n is reduced or the product C * F in- 


creases. 
In addition, once a given Zoutis determined 
the 
values of C and F may vary 
in inverse proportion 
while 


maintaining 
the same product value. 


Noise generated 
by the charge pump is minimized 
with 


a lower F (when n . C is large). 
But as F decreases 
C 


must 
increase 
in 
order 
to 
keep 
the 
product 
C*F 


constant. 
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Negative Gate Erase Technology 


Negative 
Gate Erase is used for erase operations 
in or- 


der to minimize the current drawn from the erase charge 
pump. In order to illustrate 
the importance 
of this, it is 


beneficial to first describe 
how today's 
12.0 V Vpp Flash 


devices operate. Then conventional 
techniques 
of gen- 


erating 12.0 V from a 5.0 V Vcc internally will be exam- 
ined 
before 
discussing 
the 
benefits 
of 
Negative 


Gate Erase. 


Today's 
12.0 V Flash devices erase the memory cell at 


the Source 
terminal 
with 
12.0 V applied. 
The gate is 


grounded 
and the drain is left floating. The external Vpp 


circuit supplies 
the Vpp current 
required for erase op- 


erations. 
This provides 
the 10-20 
mA (peak) Band-to- 
Band tunneling 
current along with the Fowler-Nordheim 


tunneling 
current 
required 
to remove 
charge 
off the 
floating gate. 


C9nventional 
techniques 
in generating 
12.0 V at the 


source terminal from a 5.0 V Vcc internal supply require 
huge charge 
pumps 
in order to supply the 10-20 mA 


(peak) 
of 
Band-to-Band 
tunneling 
current. 
This 
ap- 
proach 
requires 
significant 
silicon 
real estate 
(charge 
pump 
area 
; 
n'C) 
and consumes 
large 
amounts 
of 


power [(12.0 V • 30 mAl + Efficiency 
~ 360 mW]. 


Multiple transistor 
EEPROM 5.0 V-only technology 
uses 
charge pumps to internally raise the gate voltages to be- 
tween 18 and 20 V at < 10 ~. 
A multiple transistor 
ap- 
proach requires 
one and a half to twice the silicon real 


estate 
as single-transister 
approaches. 
Both conven- 


tional 
12.0 V Flash and AMD's 
5.0 V-only technology 


prqduce 
approximately 
half the electric field on the tun- 
nell oxide as with EEPROM 
technology. 
The lower tun- 


nel oxide fields extend the life of the oxide by orders of 
magnitude. 
In addition, 
EEPROM 
technology 
imple- 
ments uniform channel tunneling 
instead of source-side 
tunneling 
as with conventional 
12.0 V and AM D's 5.0 V- 


only technology. 
Uniform 
channel 
tunneling 
stresses 
the entire oxide region while source-side 
tunneling 
only 


stresses 
a small region of the oxide. 


AMD's 
Negative 
Gate 
Erase 
technique 
actually 
pro- 


vides the same electric fields to the Flash memory 
cell 


and uses the same erase 
mechanisms 
as its 12.0 V 


Flash devices. 
Negative 
Gate Erase is used in order to 


reduce the current drawn from the erase charge pump. 
The Band-to-Band 
tunneling 
current 
(10-20 mA peak) 


comes directly from the system Vcc through 
the Array 


Ground terminal. This is the most efficient way to use an 
existing system Vcc supply. The current 
required from 


the Negative 
Gate 
Erase 
charge 
pump 
is less than 


10 ~ 
at -10.5 V. This reduces the internal power con- 


sumption in relation to conventional 
12.0 V approaches. 


A circuit diagram 
of Negative 
Gate Erase is illustrated 


below. 


Word 
Line 
---r----~--- 


-10.5V 
~ 
I 


Notes: 


1. 
Gate terminal 
is pumped 
to -10.5 
V @ <10 mA current 
2. 
10 mA - 20 mA (peak) 
erase 
current 
is provided 
to the 


Source 
terminal 
by the system's 
Vcc supply 


Key: 
o = Drain 
terminal 


G ; Gate terminal 
S; Source 
terminal 


5.0 V-only Programming 


AMO's 5.0 V-only programming 
technique 
provides the 
same electric 
fields to the memory 
cell and uses the 


same programming 
mechanisms 
as its 12.0 V Flash de- 


vices. The drain is pumped to 6.7 V from 5.0 V and sup- 
plies 
approximately 
0.5 
mA of current 
per cell. The 


internal power generation 
required for the Channel Hot 


Electron injection mechanism 
is minimized 
because the 


charge pump only delivers a 34% voltage increase from 
the base Vcc supply. This also provides the benefit that 
the cell's programming 
characteristics 
remain constant 


even if the system Vcc supply varies. This current sup- 
plies the Channel Hot Electrons that are injected into the 
floating 
gate in order to program 
the memory 
cell. The 


current required by the gate voltage charge pump is less 
than 10 IJA. This minimizes 
internal power consumption. 


A circuit diagram 
of the programming 
circuitry 
is illus- 


trated below. 


Word 
Line 
---r----~--- 


+10.5 
V~ 
I 
6.7 V 


Notes: 


1. Gate terminal is pumped to + 10.5 V@ < 10mA current 


2. 
Drain terminal is pumped to 6.7 Vfrom 5.0 V Vcc supply 
@0.5mA 


AMot1 


AMD's 5.0 V-ONLY DEVICE EQUALS THE 
RELIABILITY OF 12.0 V DEVICES 


Equivalent Electric Fields Charge Pump 
Circuitry 


One component 
of device 
reliability 
is related 
to the 


electric fields applied across internal device transistors. 
Very high electric fields 
may cause oxide breakdown 


and hence reliability 
problems. 
One of the main design 


and reliability 
requirements 
in AMO's 5.0 V-only circuit 


implementation 
was the maintenance 
of electric fields 


across the charge 
pump oxides 
equivalent 
to those of 


the oxides subject to high voltage 
in the 12.0 V device. 


AMO's 
techniques 
minimize 
the electric 
fields 
across 


the oxides to be equivalent 
to those across the device 


transistor 
oxides 
during 
standard 
Read operations 
of 


the 12.0 V device. This ensures that the 5.0 V-only de- 
sign will not be more susceptible 
to oxide failures than 


12.0 V devices. 
There 
has never 
been 
any physical 


damage 
to an oxide from the high voltages 
internal to 


AMO's 12.0 V Flash device. 


One way to maintain low electric fields across transistor 
oxides is to stack multiple capacitors 
together. 
This cir- 


cuit technique 
delivers 
a large 
output 
voltage 
while 


maintaining 
low electric fields across each oxide. As an 


example, with an oxide that is able to reliably withstand 
voltages of 10 V, a circuit can be constructed 
to provide 


20 V by stacking 
(in series) 
two capacitors 
with 
10 V 


across each oxide. This circuit ensures that the electric 
fields remain within the specified 
limits. 


10 V 
10 V 
r--1f----:)f--o 
20 V 


.-L 
C1 
C2 
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Memory Cell Circuitry 


It is important 
to note that the electric fields applied to 


the data storage memory cells of the 5.0 V-only device 
are the same as that of the 12.0 V device. This ensures 
that the 5.0 V-only design will not be more susceptible 
to 


oxide failures than 12.0 V devices. An observable 
meas- 


ure that the electric fields are indeed the same is found 
in the erase time parameter. 
Erase time depends 
upon 


the electric field across the floating gate and the thick- 
ness of the tunnel oxide (Tax). 
Tax and the erase time 


of the 5.0 V-only device are the same as in the 12.0 V 
device. Therefore 
the electric field is the same in both 


devices. 


"'l"'I 
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will use the erase circuit as an example. The same con- 
cepts apply to the programming 
circuitry. 


Electric Fields in Standard 12.0 V Vpp 
Erase Circuits 


The standard 
Flash memory 
cell applies 
12.0 V to the 


Source terminal. The Gate terminal is grounded and the 
drain is left floating. The actual electric field seen by the 
tunnel 
oxide 
is a superposition 
of three components. 


One is because the field generated 
by the trapped elec- 


trons on the floating 
gate. 
This is the state of a pro- 


grammed 
memory 
cell prior to erase. 
The other two 


result from coupling of the voltage between the word line 
(Gate terminal)/floating 
gate and between 
the source 


terminal/ 
floating 
gate. In the case of standard 
12.0 V 


Vpp programming, 
the only component 
from the voltage 


coupling 
is between the source terminal and the floating 


gate. There is no coupling from the word line because it 
is at a zero voltage potential. 
The resulting electric field 


never exceeds 
a peak value of 10 mV/cm. 


Word 
Line 
---r----~--- 


O.DV 
~ 
I 


Notes: 


1. 
Tunnel oxide 
(Tox) electric 
field is determined 
by super- 
position. 


- 
Floating 
Gate 
Voltage 
from stored 
electrons 
reduces 
voltage 
across 
Tox 


- 
Source 
Coupling 
Voltage 
on 
the 
floating 
gate 


reduces 
the voltage 
across 
the Tox 


2. 
Total electric 
field across 
Tox due to superposition 
is 
<10 mV/cm. 


electric fields to the memory 
cell as the 12.0 V device. 


The Gate terminal 
is negatively 
pumped to -10.5 V and 


the source terminal 
is at 5.0 V supplied 
by the system 


Vcc supply. The drain terminal is left floating. The actual 
electric field seen by the tunnel oxide is a superposition 
of three components. 
One is due to the field generated 


by the trapped electrons 
on the floating gate. This is the 


state of a programmed 
memory cell prior to erase. The 


other two result from coupling 
of the voltage 
between 


the word line (Gate terminal)/ 
floating gate and between 


the source terminal/ floating gate. This time there is volt- 
age coupling 
from both the Source 
terminal 
and word 


line. The resulting 
electric 
field 
is the same 
as in the 


12.0 V device. The electric field is always ~ 10 mV/cm. 


In addition, the Negative Gate Erase approach 
actually 


produces 
a lower electric field across the cell junctions. 


This is because the source terminal is subjected to 5.0 V 
levels instead of 12.0 V. 


Word 
Line 
---r--.--~--- 


-1D5V~ 
I 


Notes: 


1. 
Tunnel 
oxide 
Tox 
electric 
fields 
determined 
by 


superposition. 


- 
Floating 
Gate Voltage from stored 
electrons 
reduces 


the voltage 
across 
the Tox 


- 
Gate Coupling 
Voltage 
on the floating 
gate reduces 


the voltage 
across 
the Tox 


- 
Source 
Coupling 
Voltage 
on 
the 
floating 
gate 


reduces 
the voltage 
across 
the Tox 


2. 
Total electric 
field across 
the Tax due to superposition 
is 
< 10 mV/cm. 


DATA INTEGRITY 


Ruggedized Programmability 


AMD's 5.0 V-only approach 
is designed 
not to be sensi- 


tive to variations 
in the system 
Vcc supply during pro- 
gramming 
operations. 


This is achieved 
by pumping the drain terminal to 6.7 V. 


The device actually compensates 
for any system 
level 
variations 
in the Vcc supply. 
During programming 
the 
word line is pumped to + 10.5 V and the source terminal 
is grounded. 
These 
voltage 
conditions 
and resulting 
electric field are the same as in 12.0 V devices. 


Sector Write Protection 


AMD 
implements 
a Dual Layer 
Metal (DLM) 
bussing 


technique 
in order to provide the most cost-effective 
and 
reliable 
method 
to individually 
isolate 
sectors 
during 
sector 
erase 
operations. 
This 
technique 
inhibits 
the 
presence of high voltage in non-addressed 
sectors from 
disturbing 
fixed 
data. 
Data in non-addressed 
sectors 


is isolated 
from 
all other 
sector 
program 
and erase 


operations. 
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MINIMIZING CHARGE PUMP NOISE AND 
VOLTAGE RIPPLE 


Minimizing Noise 


AMD's 
charge 
pump 
circuitry 
minimizes 
noise with a 
multi-stage 
pump 
design. 
Each 
stage 
has the same 
clock rate but is out of phase with all other stages. The 
phase shifting minimizes 
potential 
noise from any of the 
individual pumps. This technique 
delivers a very smooth 
and constant source of power. A V-8 automobile 
engine 
serves as an excellent analogy. Each of the eight stages 
of the charge pump is 45° out of phase. Each packet of 
charge 
is delivered 
in a way to provide 
a smooth flow 
of current. 
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Troubleshooter's 
Guide to Flash Software 
Implementation Issues 


Application Note 
by Amita Patel 


AMO has found that the vast majority of flash failu res re- 
sult from software 
or Vpp implementation 
issues. Over 


80% 
of Flash 
Customer 
Corrective 
Action 
Requests 


(CCARs) 
that we receive 
result from software 
imple- 


mentation 
errors. The balance of the Flash failures are 


due to Electrical Over Stress on the Vpp pin. In this appli- 
cation note, we will focus on the most common cause of 
software 
implementation 
failures. 
Please use this infor- 


mation to troubleshoot 
your Flash memory design. The 


intent of the information 
contained 
in this application 


note is to allow you to quickly resolve incorrect software 
implementation 
issues. In the majority of cases, the fol- 


lowing guidelines 
will enable you to identify and resolve 


the cause of failure. 


Types of Software Implementation Issues 


There are two types of Flash endurance 
cycling failures: 
hard failures 
and soft failures. 
Hard failures 
are un- 
recoverable 
and occur in Flash, EPROM, and EEPROM 


technologies 
where high voltages 
are generated 
in the 


peripheral 
circuitry. 
Closely 
controlled 
manufacturing 


processes, 
design techniques, 
and test methodologies 


are used to minimize 
hard failures 
in AMO's Flash de- 
vices. Soft failures are the dominant 
flash failure mode, 
and they 
are recoverable. 
Although 
hard failures 
do 


exist, the failure 
rate is orders of magnitude 
less than 


soft failures. 


The most common failures are soft failures that occur as 
a result of incorrect 
implementation 
of the program and 


era,se algorithms. 
This document will address the follow- 
ing failures: over erase, incorrect implementation 
of the 


programming 
algorithm, 
and under erase. 


Over Erase 


There are three ways to detect over erase. First, over 
erase may cause 
programmed 
bits to appear 
erased 


when Vcc is varied between 4.5 V and 5.5 V. Second, an 
over erased bit is usually detected during the succeed- 
ing programming 
cycle. This condition will manifest itself 


as an inability to program verify bits in-system du ring the 
programming. 
Finally, an extreme case of over erasure 


will result in the inability to read the manufacturing 
10. 


Incorrect 
Implementation 
of the Programming 
Algorithm 


A programming 
algorithm 
failure 
results 
in incorrect 


data or inability to program 
the device. 


Under 
Erase 


During the read operation 
an under erase failure will re- 


sult in the bits appearing 
programmed 
after they have 


been erased with an incorrect 
algorithm. 


All of the software 
implementation 
failures 
discussed 
within this document 
can be resolved 
by using AMO's 
Embedded Algorithms. 
Over erase failures can be elimi- 


nated by AM D's Embedded 
Algorithm devices, which in- 


. sure correct 
implementation 
of both the program 
and 
erase algorithms. 
Programming 
algorithm 
implementa- 


tion failures can be eliminated 
by the on chip Embedded 
Algorithms 
that internally 
monitor 
the successful 
pro- 
gramming 
of all bytes. The under erase failure can be 


eliminated 
by the on chip Embedded 
Algorithms 
that in- 


ternally 
monitor the successful 
erasure of all bytes. 


AMO created the Embedded 
Algorithms 
to simplify the 


program 
and erase algorithms. 
The Embedded 
Algo- 


rithms were created 
with the program 
and erase algo- 
rithm firmware 
built on the chip. Therefore, 
Embedded 


Algorithms 
simplify 
algorithm 
implementation 
so that 


only an initial command 
sequence 
is necessary 
to initi- 


ate program 
or erase. By using the Toggle 
Bit or Data 


Polling bit, the program or erase algorithm 
can be moni- 


tored 
for completion. 
With 
AMO's 
Embedded 
Algo- 


rithms, 
device 
level 
code 
generation 
is minimized, 


reducing 
overall 
system 
level code development 
and 


debug 
time. 
AMO's 
Embedded 
Algorithms 
offer 
the 


most reliable 
solution 
for all firmware 
implementation 


issues! 


Over Erasure 


The primary cause of over erasure is incorrect erase al- 
gorithm implementation. 
An over-erased 
bit causes the 


internal circuitry of the device to read a programmed 
bit 


as if it were erased. 


How to Detect 
Over Erase 


• 
Over erase results in failure to correctly 
read 


programmed 
bits in-system 
when Vcc is varied 


between 4.5 V and 5.5 V. 


• 
Failure to verify during the program 
verify com- 


mand occurs when the device is over erased. 


• 
An extreme case of over erase will result in the 
inability to read the manufacturing 
10. 


Common 
Errors that Result in Over Erase 


Failure 
to Pre-Program 
the Device Before Erasure 


Flash devices require that all bytes be pre-programmed 
before erase. There are two common 
software 
imple- 
mentation 
errors associated 
with the pre-programming 
step in the erase algorithm: 


• 
Ignoring 
implementation 
of the pre-program 
algorithm 
before erasing the entire array 


• 
Pre-programming 
only a portion of the memory 
array (e.g., some users will only pre-program 
the 
address 
locations 
that will later be programmed 
with data) 


In either of these cases, some bits in the array will be 
programmed 
while other 
bits will remain 
erased. 
It is 
critical that all bytes be pre-programmed 
before erase 
since all bits in the array will see the same number of 
erase pulses during the erase operation. 


Recall, a Flash device programs 
a byte at a time. During 
the erase operation, 
the entire Flash array is erased in a 
bulk erase 
Flash device. 
Due to the nature of a bulk 
erase Flash device, 
all bytes in the array see the same 
number of erase pulses during an erase operation. 
Pre- 
programming 
of a Flash device is required before erase 
so that all bits in the array are in a tight distribution. 
By 
not pre-programming 
all bytes in the array, some bits 
may be in an erased state before erasing. These erased 
bits when exposed 
to additional 
erase pulses 
can be 
driven 
into an over 
erased 
state. 
An over erased 
bit 
causes the internal circuitry of the device to read some 
programmed 
bits as erased. 


Therefore, 
it is important 
that all address 
locations 
be 
pre-programmed 
before erase. For more information 
on 
other common 
program 
implementation 
errors please 
refer to the "Incorrect 
Implementation 
of the Program- 


ming Algorithm" 
section of this document. 


Failure 
to Implement 
Program 
Verify Correctly 
In 
the Pre-Program 
Algorithm 


Flash devices require that the every byte in the memory 
array is program 
verified 
in the pre-program 
algorithm 
before erasing the device. There are two common 
soft- 
ware 
implementation 
errors 
associated 
with program 
verifying 
in 
the 
pre-program 
portion 
of 
the 
erase 
algori hm. 


• 
Ignoring 
implementation 
of program 
verify in the 
pre-program 
algorithm. 


• 
Program verifying 
only a portion of the memory 
array in the pre-program 
algorithm. 
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In either of these cases, some bits in the array will be 
programmed, 
while other bits will not be programmed. 
Since all bits in the array will see the same number of 
erase pulses during the erase operation, 
it is critical that 
all bytes in the memory array are program verified to as- 
sure complete programming 
of the memory array before. 


erasure. 


Recall, a Flash device programs 
a byte at a time. 
During 
the erase operation, 
the entire Flash array is erased in a 
bulk erase 
Flash device. 
Due to the nature of a bulk 
erase Flash device, all bytes in the array see the same 
numberof 
erase pulses during the erase operation. 
Pro- 
gram verify of all bytes in the memory array with the pro- 
gram verify command 
is necessary 
to assure 
that the 
entire memory array is pre-programmed 
before erasure. 
Pre-programming 
of a Flash device 
is required 
before 
erase so that all bits in the array are in tight distribution. 
By not program verifying all bytes in the array, some bits 
may be in an erased state before erasing. These erased 
bits when exposed 
to additional 
erase pulses 
can be 
driven 
into an over erased 
state. 
An over erased 
bit 
causes the internal circuitry of the device to read some 
programmed 
bits as erased. 


Therefore, 
it is important 
that all address 
locations 
are 
program 
verified 
using 
the program 
verify 
command 
during the pre-program 
portion of erase to assure com- 
plete pre-programming 
of the memory array before era- 
sure. For more information 
on other common 
program 
implementation 
errors please refer to the "Incorrect 
Im- 
plementation 
of the Programming 
Algorithm" 
section of 
this document. 


Issuing More Erase Pulses 
than Required 


Some 
customers 
will 
issue 
a fixed 
number 
of erase 
pulses to the Flash device. In other words, the erase ver- 
ify portion of the algorithm 
has been ignored 
until the 
memory 
array 
receives 
the 
fixed 
number 
of 
erase 
pulses. Therefore, 
the entire memory array may receive 
more erase pulses than required, causing the device to 
go into over erasure. Each byte must receive a sufficient 
number of erase pulses to ensure erasure without driv- 
ing the byte into over erase. The only way to ensure this 
is to continue 
to erase verify the memory 
array after 
each erase pulse and discontinue 
erase pulsing the de- 
vice once FFH data is verified 
in all address 
locations. 
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Exceeding 
the Erase Algorithm 
Time-Out 


Stop timers were created 
as a protection 
against erase 
pulses greater than 10 ms and failure to issue the erase 
verify command. 
The stop timer is a safety feature that 
guards against one cause of over erasure. The current 
versions 
of the Am28F256 
and Am28F512 
do not have 
stoptimers. 
If an erase pulse is applied to either device 
for greater than the datasheet 
specified 
limit, the device 
will go into an over erase 
condition. 
For example, 
a 
Flash 
device 
receives 
a system 
interrupt 
during 
an 
erase pulse. The device will continue 
to erase and will 
be driven into an over erase condition. The new versions 
of the Am28F256 
and Am28F512, 
which 
incorporate 
stoptimers, 
will be available 
in 2094. 


Parallel 
Erasure 


Over erase can occur during parallel erasure from incor- 
rectly masking 
multiple 
devices 
once they have been 
completely 
erased. 
For example, there are two devices 
in a system 
that will be erased 
in parallel. 
Device 
1 
errses 
before device 2. Over erasure will occur on de- 
vice 1 if it is not masked correctly. 
For a more In-depth 
understanding 
of this scenario, 
please reference 
"Rec- 
ommended 
Parallel 
Programming 
Routine 
For Flash 
Memory Devices," Appendix 
A. 


Successive 
Erase (20h) Commands 
to the Device 


The 
state 
machines 
on 
the 
current 
Am28F256, 


Am28F512, 
Am28F01 0, and Am28F020 
devices do not 
require 
an erase-verify 
or Reset command 
to be exe- 
cuted 
before 
accepting 
the next erase command. 
An 
erase verify command 
is required 
following 
an erase 
command 
in the Flasherase 
algorithm, 
but the state ma- 


chine in these devices does not require the erase verify 
command 
before accepting 
the next erase command. 
If 
a 20H pattern (Erase command) 
is written repeatedly 
to 
the Flash device, 
such as with the 80C196 
micro-con- 


troller when 
powering 
up, the Flash will accept 
each 
erase command 
causing 
the device to go into an over 
erase condition. 
The state machine of these devices will 


be modified 
with improved 
protection 
on the 0.85 J.!m 


process 
shrink versions 
of these devices 
as follows: 


Device 


Am28F020 


Am28F010 


Am28F512 


Am28F256 


Production 
Availability 
1094 


2094 


2094 
2094 


Incorrect Implementation of the 
Programming Algorithm 


The second most common cause of failures is incorrect 
implementation 
of the programming 
algorithm. 


How to Detect 
Programming 
Failures 


A programming 
algorithm 
failure 
results 
in incorrect 


data or inability to program 
the device. 


Common 
Errors 
that 
Result 
in Programming 


Failures 


Bypass 
Program 
Verify 


Every by1e that has been programmed 
in a Flash device 


must be program 
verified on a byte by byte basis. It is 
incorrect to issue a fixed number of program 
pulses and 
to bypass program verify. Some customers 
issue a fixed 
number of program 
pulses and assume that the entire 
memory array has been programmed. 
In fact, some bits 
in the array will be programmed 
while other bits may still 
be erased. 
Therefore, 
program 
verify 
after each pro- 
gram pulse is required to guarantee 
complete 
by1e pro- 
gramming 
on each byte that is programmed 
in the Flash 
device. 


Program 
Verity Only A Portion 
of the Memory 


Array 


By verifying only a portion of the memory array, the cus- 
tomer may believe he is reducing the programming 
time. 


By not program 
verifying 
each by1e, some of the un- 
verified bytes will not be programmed. 
These bytes that 
were thought to be programmed, 
but are in fact not pro- 
grammed, 
will appear erased when read. 


Verifying 
with the Read Command 


The customer 
must implement 
the program verify com- 
mand after programming 
each byte. When the by1e is 
verified 
with the program 
verify command, 
the device 
must produce valid data when each bit is subjected 
to a 


internal gate voltage 
of greater 
than 6.5 V. Therefore, 


marginally 
programmed 
bytes will fail verification 
and 
will be given another program 
pulse. 


If the byte is verified 
with the read command 
(OOH or 
FFH), the voltage level of each bit would be compared to 
system Vcc, which may vary from 4.5 V to 5.5 V. There- 
fore, marginally 
programmed 
bytes may pass verifica- 
tion and fail in-system 
later when Vcc is greater than the 
Vcc voltage used during programming. 


Programming 
Voltage 
Out of Spec 


If the programming 
voltage is below the specified 
11.4 V 
for Am28Fxxx 
devices, 
the device 
may require 
more 
than the number of program pulses specified inthe algo- 
rithm. If the voltage is significantly 
lower than this value, 


the voltage 
may be too weak to generate 
the correct 
electric fields required for programming 
resulting 
in the 


inability to program. 


Incorrectly 
Implementing 
Parallel 
Programming 


Parallel programming 
issues generally 
occur when the 
devices are incorrectly 
masked. 
If a device, once it has 
been programmed, 
is masked 
incorrectly, 
the device 
may interpret the data as a command. 
Specifically, 
this 
will happen when the data to be programmed 
into a de- 
vice is any program 
set-up 
command 
code 
such 
as 
40H, 10H, or 50H. One common 
scenario 
occurs when 
the program data is 40H and the program 
and program 


verify commands 
are correctly 
masked with FFH. Since 
the ~rogram 
data was not masked, 
the device 
recog- 
nizes it as the program command. 
Thus, the device initi- 
ates program and tries to program 
FFH into the address 
location. The data is not altered because FFH can not be 
programmed 
into a device. 
The Flash device can only 
be programmed 
to a "0" data state and erased to a "1" 
data state. The system 
reads undefined/invalid 
data. If 
the system is reset the correct data at the address loca- 
tion will be read. 


For a more detailed explanation 
of this scenario, please 
reference 
"Recommended 
Parallel Programming 
Rou- 
tine For Flash Memory 
Devices," Appendix 
A. Although 
not detailed in the Appendix, two similar scenarios exist. 
These scenarios 
are listed below: 


• 
If the program 
command 
is masked with FFH and 
both the program 
data (i.e., 40H) and program 
verify command 
are not masked with FFH, the 
device will program 
the program 
verify command 
(data=COH) 
into the address location. 


• 
If the program 
command 
and 
program 
verify com- 
mand is masked with OOH and the program data is 
not masked, the device will recognize 
OOHas data 
and program 
the address 
location with OOH. 


Under Erasure 


Anot~er 
common 
Flash failure 
is under 
erase. 
Under 
erased bytes appear to be erased during the erase algo- 
rithm, but fail to read as erased in the read mode. 
Incor- 
rect implementation 
of the erase 
algorithm 
generally 


results in under erase. 


How to Detect 
Under 
Erase 


In the read mode, bytes that were erased will appear 
programmed. 


Common 
Failures 
that 
Result 
in Under 
Erase 
Failures 


Failure 
to Issue 
the Erase 
Verify 
Command 


The erase verify command 
is used 
after 
each erase 
pulse to check if the array has been completely 
erased. 


If a customer fails to erase verify or erase verifies only a 
portion of the memory 
array, under erased bits may go 
undetected. 
Therefore, 
in 
the 
read 
mode 
partially 
erased 
bytes 
will 
appear 
programmed. 
Every 
byte 
within the memory array must be erase verified. 
Please 
note the byte address 
to be verified 
must be supplied 
with the erase-verify 
command. 


VerifyIng 
Erased 
Bytes 
with the Read Command 


The customer 
must implement 
the erase 
verify com- 


mand once the memory array has been given an erase 
pulse. When the byte is verified 
with the erase verify 
command, 
the device 
must produce 
valid data when 
each bit is subjected 
to an internal gate voltage of less 
than 3.5 V. Therefore, 
marginally 
erased bytes will fail 
verification 
and the memory array will be given another 
erase pulse. 
If the byte is verified 
with the read com- 
mand, the voltage level of each bit would be compared 
to the system Vcc, which may vary from 4.5 V to 5.5 V. 
Therefore, 
marginally erased bytes will pass verification 
yet may fail to read as erased during system operation. 


This document 
has been created to offer immediate 
as- 


sistance 
in understanding 
flash failures. 
For flash fail- 
ures that need further investigation, 
a CCAR should be 
filed. The CCAR, Customer 
Corrective 
Action Request, 


was designed 
to offer a method of device failure analy- 


sis for AMD customers. 
The AMD 
Field contact 
must 
complete 
a CCAR form and return it to the AMD corpo- 
rate quality contact. 
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CONCLUSION 


In conclusion, 
there are three failures addressed 
in this 


document: 
over erase failures, 
program 
algorithm 
im- 


plementation 
failures, 
and under erase failures. 
These 


failures combined 
constitute 
over 80% of all Flash fail- 
ures that AMO has seen in the eeAR 
process. The bal- 
ance of the Flash failures 
result from 
Electrical 
Over 


Stress on the Vpp pin. 


All of the software 
implementation 
failures 
discussed 


within this document 
can be resolved 
by using AMO's 


Embedded 
Algorithms. 
AMO 
created 
the 
Embedded 


Algorithms 
to simplify 
implementation 
of the program 


and erase operations. 
The Embedded 
Algorithms 
were 


created with the program 
and erase algorithm 
firmware 


built on the chip. Therefore, 
Embedded 
Algorithms 
sim- 


plify the algorithm 
implementation 
so that only an initial 


command 
sequence 
is necessary 
to initiate program or 


erase. By using the Toggle 
Bit or Oata Polling bit, the 


program 
or 
erase 
algorithm 
can 
be 
monitored 
for 


completion. 
With AMO's Embedded 
Algorithms, 
device 
level code 
generation 
is minimized, 
reducing 
overall 


system level code development 
and debug time. 


- 
Recommended 
Parallel Programming 
Routine 
For Flash Memory Devices 


Recently, 
there has been some questions 
regarding 
a 
specific 
situation 
that 
may occur 
during 
parallel 
pro- 
gramming. 
Some customers 
have found difficulties 
un- 
derstanding 
the data sheet 
specifications 
on how to 
mask 
off 
a 
parallel 
programmed 
device 
from 
one 
requiring 
more programming 
pulses. 
Specifically, 
the 
difficulty 
arises when the customer's 
data is equivalent 
to the program 
set-up code, 40H. 


Description of Scenario 


The following 
conditions 
must exists: 


1. The customer's 
data is equivalent 
to the 
programming 
set-up code. 


2. 
One device requires 
more programming 
pulses 
than the other to be programmed. 


Below is an example 
of two devices 
in parallel where 
one1device is considered 
the Upper Byte of the word and 
the other device is the Lower Byte of the word. Assume 
that the WE pins are tied together 
and CE pins are tied 
together to obtain the word configuration 
(see Figure 1). 


Upper 
Lower 
Programming 
Routine 
Byte 
Byte 
Comments 


1) 
Program Set-Up 
40H 
40H 


2) 
Program Data 
40H 
XXH 
Customer data 


3) 
Verify 
COH 
COH 


4) Verified Data 
40H 
YYH 
Upper Byte has valid data. Lower Byte 
requires another programming pulse. 


5) 
Program Set-Up 
FFH 
40H 
Upper Byte intended to be masked by FFH; however, 
masking actually requires two bus cycles of FFH. Lower 
Byte receives program set-up command. 


6) 
Program Data 
40H 
XXH 
Customer believes that the Upper Byte device is masked 
and that the programming operation has been safely aborted. 
Actually, the Upper Byte receives a program set-up command. 


7) 
Program Verify 
FFH 
COH 
Upper Byte intended to be masked, but actually programs data 
of FFH. 


8) Verified Data 
??H 
XXH 
Upper Byte undefined because programming operation tried to 
program FFH data, to an erased data state, to the device. 
Lower Byte verified. 


As shown in Table 1, the customer 
will experience 
diffi- 
culty reading the verified data from the Upper Byte de- 
vice. 
Further 
confusing 
the 
situation 
in the 
above 
example, the customer 
would read correct data on both 


devices if the system was reset since FFH data did not 
alter the original 
programmed 
data on the Upper Byte 
device. 
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Solution 


Reset into the read mode is a two bus cycle command, 
where FFH must be written for each cycle. To correctly 
mask the Upper Byte device, the customer should mask 
the program data in a second cycle at step 6 in Table 1. 
Effectively, this resets the Upper Byte device. Thus, the 
be~t means to protect against this situation 
is to mask 
the programmed 
byte with FFH in the parallel 
device 


programming 
subroutine. 
This is simply implemented 
as 


follows: 


• 
Initialize 
FD=PDW 
in Figure 2, "Parallel 
Device 
Programming 
Flow Chart" 


• 
If FMD=VDAT 
then 
set FD=FFXXH 
in Figure 3, 
"Parallel 
Device Programming 
Subroutine" 


By using the subroutines, 
the user will not face the cir- 
cumstance 
in step 8, Table 1. The superior 
solution for 
our customers 
is the Embedded 
Program and Embed- 
ded 
Erase Algorithms. 
With 
AMD's 
Embedded 
Algo- 


rithms, 
the 
customer 
need 
only 
give 
the 
proper 


command 
and data to multiple devices concurrently 
and 


the devices will program 
or erase independently, 
but in 
parallel. 


Causes of Increased Programming Pulses 


Although AMD specifies a maximum of 25 programming 
pulses to program a Flash device, one can typically pro- 
gram the devices within one programming 
pulse. Lot to 
lot process variance of die, charge trapping in the tunnel 
oxide towards the high end of the endurance 
life, and a 
below specification 
Vpp voltage are all factors that can 


cause 
devices 
to 
require 
additional 
programming 


pulses. 


It is important 
to note that when the device reaches the 


higher end of its endurance 
capability, 
it becomes 
more 
susceptible 
to charge trapping 
in the tunnel oxide layer, 


increasing 
the 
number 
of programming 
and 
erasure 
pulses required to program 
or erase the device. There- 
fore the better the device endurance 
capability 
the less 


likely the customer 
will experience 
the charge trapping 


mechanism. 
Thus, once again it is to the customer's 
ad- 


vantage 
to use AMD's 
Embedded 
Algorithm 
devices 


with a 1OOKwrite cycles of endurance 
minimum. 


Verification of the Correct Parallel 
Programming Routine 


Many customers 
may wonder whether their parallel pro- 


gramming 
routine 
has been implemented 
correctly. 
A 


recommended 
method for verification 
is to set Vpp to a 


low voltage of 11 .4 V. The customer will see an increase 
in programming 
pulses 
and must implement 
the soft- 


ware fix to the parallel programming 
routine. 
If the de- 
vices have been programmed 
correctly 
then no further 
software changes 
must be implemented. 


Summary 


Systems using Flash devices may encounter 
the paral- 


lel programming 
issue described 
on the previous pages 
when data being programmed 
is equivalent 
to the pro- 
gram set-up code, 40H, and there is an inconsistency 
in 


programming 
pulses required to program 
separate 
de- 
vices. It can be quickly 
remedied 
by a simple fix to the 


parallel 
programming 
subroutine 
or by using 
AMD's 
Embedded 
Algorithm 
devices. 


Initialization: 
PGM = 4040H 
VFY = COCOH 
VDAT 
= POW 
FD = POW 


Parallel 
Device 


Verify 
and Mask 


Subroutine 


ADDRS 
= Word 
Address 
to program. 


POW = Data Word to program. 


Initialize 
Programming 
Variables: 
PGM = Program 
command 
VFY = Program-Verify 
command 
VDAT 
= Valid Data 
FD = Flash 
Data 


xxxx = Address 
do not care. 


Write Program 
Set-Up 
command. 


Internal 
margin 
verify 
voltages 
are tapped 
from external 
12 V 


Vpp for proper 
byte verfication. 


Read from previously 
latched 
address. 
FMD = Flash 


Memory 
Data. 


See Parallel 
Device 
Programming 
subroutine. 
Each device 
is independently 
verified. 
The Program 
command 
is masked 


by the Reset command 
(FFH) for all devices 
that are completely 


programmed. 
Please 
see note on next page. 


Compare 
Flash Memory 
Data to valid word data. 
If verified, 


reset PLSCNT 
and get next address 
and data word for 


programming. 
If invalid, 
increment 
pulse counter. 
If not last 


pulse, compare 
high order 
byte device 
and low order 
byte 


device 
for valid data. 


VppL deactivates 
command 
register. 
Device 
is in Read Only 


Mode. 


This Subroutine 
verifies 
the high order 
and low order 
bytes 
independently. 
If either 
byte verifies, 
all commands 
are masked 
from that device. 


The program 
command 
and program 
data are changed 


to a Reset command 
(FFH) 
and null data 
(FFH) 


respectively. 
Please 
see note below. 


The Program-Verfiy 
command 
is changed 
to a 


Read command 
(DOH). 


Notes: 


1. 
During 
programming 
operations, 
FFH data is null condition. 
Only 
"D's" can be programmed 
into Flash memory 
cells. 


2. 
If the high order byte verifies, 
then that byte is masked 
from further 
Program/Program- 
Verify operations. 
The low order byte 
(LB) commands 
are not changed. 


3. 
If the a low order byte verifies, 
then that byte is masked 
from further 
Program/Program- 
Verify operations. 
The high order byte 
(HB) commands 
are not changed. 


4. 
Although 
the Reset 
command 
(FFH) is recommended, 
the Read command 
(DOH) will also mask 
any device 
from Program/ 


Program- 
Verify operations. 
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This design note provides a general overview of the Embedded 
Algorithm 
and write operation 
status 
bits (007-003) 
that are incorporated 
in AMO's Flash memory devices and discusses 
any system 
level implementation 
issues 
associated 
with them. 
The Am29F010, 
a 5.0 Volt-only 
1 Mbit Flash 
device 
is used as an example. 
It is highly 
recommended 
that this design 
note be used 
with the 
Am29F010 
datasheet. 
Please 
note that the details 
on write operation 
status 
bits 
(007-005) 
provided 
in this design note may also be used with the Am28FO 1OA and Am28F020A 
flash devices. 


EMBEDDED PROGRAMMING OPERATION 


Overview 


The Am29F010 
device 
is programmed 
on a byte per 
byte basis using a four bus cycle command 
sequence. 


Addresses 
are latched on the falling edge of WE or CE, 
whichever 
happens 
later. Data is latched on the rising 
edge of WE or CE, whichever 
happens first. The rising 
edge of WE (or CE) begins the programming 
operation. 


The 
Am29F010 
device 
supports 
both 
WE 
or 
CE 


controlled write operations. 
Upon executing the Embed- 
ded Programming 
command 
sequence, 
the system 
is 
not required to provide further controls 
or timings. 
The 
device 
will automatically 
provide 
internally 
generated 
program pulses and verify the programmed 
cell margin. 


An Embedded 
Programming 
operation 
is completed 
when the data on DO? is equivalent 
to the data written, 
at which time the device returns to the read mode. The 
flowchart for Embedded 
Programming 
is shown below. 


~AMD 


Implementation 


Addresses 
are latched on the falling edge of WE during 
the Embedded 
Program 
command 
execution. 
Hence 
the system 
is not required 
to keep the address 
stable 
during 
the 
entire 
Programming 
operation. 
However, 
once the device 
completes 
the 
Embedded 
Program- 
ming operation, 
it retums to the read mode and address 
is no longer latched. Therefore, 
the device requires that 
valid address to the device be supplied by the system at 
this particular 
instant of time. Otherwise, 
the system will 
never read valid data on 007. 


A system designer 
has two design alternatives 
to imple- 
ment the Embedded 
Programming 
Algorithm: 


• 
The system 
may initiate the Data Polling operation 
immediately 
after the the Embedded 
Programming 
command 
sequence 
is written. 


• 
Once 
the 
system 
executes 
the 
Embedded 
Programming 
command 
sequence, 
the 
system 


microprocessor 
may take away the address from the 
device and thus is free to perform other tasks. In this 
case, the system microprocessor 
is required to keep 
track of the valid address which can be done by load- 
ing the address 
into a temporary 
register 
or any 
memory location. When the system microprocessor 
comes back to perform the Data Polling operation, 
it 
should reassert the same address. 


However, since the Embedded 
Programming 
operation 
takes only 14-28 !J.s,it may be easier for the system mi- 
croprocessor 
to start the Data Polling 
operation 
imme- 
diately after it has written 
an Embedded 
Programming 
Command 
instead of coming back and reasserting 
the 
valid address during the Data Polling operation. 
The op- 
tion of either 
method 
is left to the system 
designer's 
choice. 
The following 
figure 
illustrates 
the timing 
dia- 
gram for the Embedded 
Programming 
operation. 


Notes: 


1. 
PA is address 
of the memory 
location 
to be programmed. 


2. 
PO is data to be programmed 
at byte address. 


3. 
007 
is the output 
of the complement 
of the data written 
to the device. 


4. 
Dour 
is the output 
of the data written 
to the device. 


5. 
Figure 
indicates 
last two bus cycles 
of four bus cycle sequence. 


EMBEDDED ERASE 


Overview 


When executing 
the Embedded 
Erase Algorithm 
com- 
mand sequence 
the device 
automatically 
will prepro- 


gram and verify the entire memory array for an all 'zero' 
data pattern prior to electrical 
erase. The system is not 


required 
to provide 
any controls 
or timings 
during this 


operation. 
The automatic 
erase 
begins 
on the rising 


edge of the last WE pulse in the command 
sequence 


and 
terminates 
when 
the 
data 
on 
DO? 
is '1'. 
The 


flowchart 
for 
the 
Embedded 
Erase 
operation 
is 


shown below. 


Write Erase Command Sequence 


(see below) 


Data Polling or Toggle Bit 
Successfully Completed 


Chip 
Erase Command 
Sequence 


(Address/Command): 


Individual 
Sector/Multiple 
Sector 
Erase Command 
Sequence 
(Address/Command): 


Additional sector 
erase commands 
are optional 
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Implementation 


Sirnilarto 
the Embedded 
Programming 
operation, 
once 
the device completes 
the Embedded 
Erase operation 
it 
returns to the read mode and addresses 
are no longer 
latched. Therefore, 
the device requires that a valid ad- 
dress input (sector address within any of the sectors be- 
ing erased) to the device be supplied 
by the system at 


this particular 
instant of time. Otherwise, 
the system will 
never read a "1" on the 007 bit. 


A system designer has two design alternatives 
to imple- 
ment the Embedded 
Erase Algorithm: 


• 
The system 
may initiate the Data Polling operation 
immediately 
after the Embedded 
Erase command 
sequence 
is written 


• 
Once the 
system 
executes 
the 
Embedded 
Erase 
command 
sequence, 
the 
system 
microprocessor 
takes away the address from the device and thus is 
free to perform other tasks. In this case, the system 
microprocessor 
is required to keep track of one of the 
valid sector 
addresses 
(sectors 
being erased) 
and 
when it comes back for performing 
the Data Polling 
operation, 
it should reassert the same address. 


Since the Embedded 
Erase operation takes a significant 
amount of time (typically 
1 second), the second method 
would provide better system performance 
by freeing up 


the CPU for other system level tasks. The system can 
gererate 
an interrupt on a regular interval to initiate the 
Data Polling 
operation 
to determine 
the status of the 
Embedded 
Erase 
operation. 
However, 
the choice 
of 
either option has been left to the system designer. 


For the chip erase operation, 
if the device does not in- 
clude any protected 
sectors, 
Data Polling may be per- 
formed 
at any address. 
When 
sectors 
are protected, 
D~ta Polling should be performed 
at any of the sector 
addresses 
which represent 
an unprotected 
sector. 


WRITE OPERATION STATUS BITS 


This section describes 
the operation 
of the Am29F010 
write 
operation 
status 
bits (003-007). 
This section 
also describes 
the timing diagrams 
for the Data Polling 


(007) and Toggle Bit (006) operation. 


DQ7-Data 
Polling 


The Am29F01 0 device features the Data Polling opera- 
tion as a method to indicate to the host system whether 
the Embedded 
Algorithms 
are in progress or completed. 


During the Embedded 
Program Algorithm, 
any attempt 
to read the device 
at address 
VA (Valid Address) 
will 


produce the compliment 
of the data last written to ~07. 


Upon completion 
of the Embedded 
Program Algorithm, 
an attempt to read the device will produce the true data 
last written to 007. During the Embedded 
Erase Algo- 
rithm, an attempt to read the device will produce a "0" at 
the 007 output. 
Upon completion 
of the 
Embedded 
Erase Algorithm, 
an attempt to read the device will pro- 
duce a "1" at the 007 output. The flowchart 
for the Data 
Polling operation 
(007) is shown below. 


Read 
Byte 
(DaD-DOl) 
Addr=VA 


Read 
Byte 
(000-007) 
Addr=VA 


VA = Byte address 
for programming 
= Any of the sector 
addresses 
within 
the 
sector 
being 
erased 
during 
sector 
erase 
operation 
= XXXXH 
during 
chip erase 


Note: 
1. 
007 
is rechecked 
even 
if 005 
= "1" because 
007 
may change 
simultaneously 
with 005. 


Figure 4. D07-Data 
Polling 
Flowchart 


Once the Embedded 
Algorithm 
operation 
is close to be- 


ing completed, 
the Am29F010 
data pins (000-007) 


may change 
asynchronously 
while the output 
enable 


(OE) is asserted 
low. This means that the device is driv- 


ing status information 
on 007 
at one instant of time and 


then changing 
to the byte's valid data at the next instant 


of time. 
Depending 
on when the system 
samples 
the 


DO? output, 
it may read the status or the valid data. 
Even 
if the 
device 
has 
completed 
the 
Embedded 


operation 
and 007 
has a valid data, the data outputs on 


000-006 
may still be invalid since the switching 
time 


for the individual 
data bits (000-007) 
may not be the 


same. This is due to the fact that the internal delay paths 
for the individual data bits (000-007) 
are different. The 


valid data will be provided only after a certain time delay 
«tOE). This has been explained 
in the timing 
diagram 


shown below. 


tOE 


'DQ7= 
Valid Data (The device 
has completed 
the Embedded 
operation). 
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006- 
Toggle Bit 


The device also features 
a "Toggle Bit" operation 
as an- 
other method that indicates the status of the Embedded 
Algorithm 
operations 
to the host system. During an Em- 
bedded Algorithm 
Program or Erase cycle, successive 
attempts 
to read 
(toggling OE or eE) data from the 


device will result in 006 toggling between one and zero, 
Once the Embedded 
Algorithm 
Program or Erase cycle 
is completed, 
006 will stop toggling 
and valid data on 
000-007 will be read on the next successive 
read at- 


tempt (OE going low). The flowchart 
for the Toggle 
Bit 
operati?n (006) is shown below. 


Read Byte 
(DaD-DOl) 
Addr=VA 


VA = Byte address 
for programming 
= any of the sector 
addresses 
within 
the 
sector 
being 
erased 
during 
sector 
erase 
operation 
= XXXXH 
during 
chip erase 


Read Byte 
(000-007) 
Addr=VA 


Note: 
18929A-6 


1. 
006 
is rechecked 
even if 005 
= "I" because 
006 
may stop toggling 
at the same 
time as 005 
changing 
to "1", 


Please note that even if the device completes 
the Em- 
bedded 
Algorithm 
operation 
and 006 stops toggling, 


data bits DOO-DO? 
may not be valid during the current 
bus cycle. This happens since the internal circuitry may 
be switching 
from 
a status 
mode to the read 
mode. 


AMD~ 


Since this time delay is always less than 
tOE (OE ac- 
cess time), the next successive 
read attempt (OE going 
low) will provide the valid data on DOa-DO? 
This has 
been explained 
in the timing diagram 
shown below. 


CE I\~ 
_ 


Data 
(000-007) 


Note: 


'OQ6 
stops 
toggling 
(The device 
has completed 
the Embedded 
operation). 


The Am29F010 
provides 
the Data Polling 
(DO?) 
and 
Togqle 
Bit (006) operations 
as two alternatives 
to de- 
termine 
the write operation 
status. However, 
a system 
designer is free to perform the complete byte verification 
instead of implementing 
either of these two methods. 


DOS-EXCEEDED 
TIMING LIMITS 


The Am29F01 0 will also be able to indicate through 005 
if the program or erase time has exceeded the specified 
limits (internal 
pulse count). 
Under these conditions 
005 will produce 
a "1". This is a failure condition which 
indicates that either the program or erase cycle was not 
successfully 
completed. 


• 
If this failure condition occurs during sector erase op- 
eration, it specifies that a particular 
sector is bad and 
it may not be reused; however, other sectors are still 
functional 
and may be used for the program or erase 
operation. 
To use other sectors, reset the device by 
writing the Reset command 
sequence 
and then exe- 
cuting the program 
or erase command 
sequence. 


This allows the system to continue 
to use other ac- 
tive sectors 
in the device. 


• 
If this failure condition 
occurs during the chip erase 
operation, 
it indicates 
one of the following: 


- 
The entire Chip is bad and should not be reused 


- 
One or more sectors are bad. The system should 
be able to determine 
bad sectors by reading the 
005 bit for individual 
sectors. 


• 
If this failure 
condition 
occurs during the By1e Pro- 
gramming 
operation, 
it specifies 
that the entire sec- 


tor containing 
that 
byte 
is bad 
and 
may 
not be 
reused. 


The 005 failure condition may also appear if a user tries 
to program 
a non-blank 
location without first erasing 
it. 


In this case, the device locks out and never completes 
the Embedded 
Algorithm 
operation. 
Hence the system 
never reads a valid data on DO? bit and 006 never 
stops toggling. 
Once the device 
exceeds 
timing 
limits 
(internal 
pulse counts), 
the 005 bit will indicate 
a "1". 


Please 
note that this is not a device 
failure 
condition 
since the device was incorrectly 
used. Under this illegal 
condition, 
the system is required to reset the device by 
writing the Reset command 
sequence 
before the device 
can be used again. 


D03-SECTOR 
ERASE COMMAND 
TIME-OUT FLAG 


Overview 


Sector erase is a six bus cycle operation 
similar to that 
used by standard E2PROMs. 
There are two unlock write 
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cycles followed 
by writing 
the "set-up" command. 
Two 
more unlock write cycles are then followed by writing the 
sector 
erase 
command. 
On this 
sixth bus cycle, 
the 
sector address is latched on the falling edge of WE while 
the sector erase command 
(30h) is latched on the rising 
edge of WE. Multiple 
sectors may be erased by writing 
the above six bus cycle operations 
followed 
by subse- 
quent 
writes 
of sector 
erase 
commands 
to all other 
addresses 
in the sectors that need to be erased concur- 
rently. The following 
is an example: 


7th Bus Cycle 


SA1130H 


8th Bus Cycle 


SA2130H 


9th Bus Cycle 


SA3130H 


After the completion 
of the initial sector erase command 
sequence, 
the sector erase time-out of 100 Jls will begin. 


Every time the system writes an additional 
sector erase 
command, 
the time-out window is reset. The device will 


indicate 
this time-out 
through 
the DQ3 bit. If the DQ3 
bitis 
high, 
the 
internally 
controlled 
erase 
cycle 
has 


begun. 
Any attempts 
to write additional 
commands 
to 
the device will be ignored 
until the erase operation 
is 
completed 
as indicated by Data Polling or Toggle Bit. If 


DQ3 is low, the sector erase timer window 
is still open 
and the device will accept additional 
sector erase com- 


mands provided that these additional 
sector erase com- 


mands are written within the 100 JlS time-out 
window. 


Implementation 


Once the first sector erase command 
sequence 
is writ- 


ten and the sector erase time out has begun, the system 
software should read the status of DQ3 (at any address) 
prior to writing any sector erase command 
to determine 
whether 
the 100 Jls time-out 
window 
is still open. The 
system software should also read the status of DQ3 fol- 
lowing 
each sector 
erase command 
to verify that the 
command 
has been accepted. 


Application Note 
by Kumar Prabhat 
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This application 
note 
describes 
the key 
features 
and 
system 
level 
benefits 
of using 
AMD's 
Am29FO 10, 5.0 V-only Sector Erase Flash Memory. It also explains how to use AMD's Am29FO 10 in 
an existing Intel Boot Block 28FO 1OBX Flash based design and discusses 
the various hardware 
and 
software 
issues. 


BENEFITS OF AMD'S Am29F010 
• 
Since the Am29F010 
is a 5.0 V-only device it elimi- 


nates the need for DC to DC converter 
circuitry 
to 
translate 
the system 
voltage 
level from 
5.0 V to 
12.0 V, for write and erase operations. 
This simplifies 
the 
hardware 
design, 
results 
in 
reduced 
board 


space, and lowers the system cost by approximately 
$4.00 to $5.00. 
Please refer to Appendix 
B for DC/ 


DC converter 
circuitry required for 12 V flash device. 


5.0 V-only programming 
also reduces the total sys- 


tem level power consumption. 
Below is a summary 
of 
the 
system 
level 
power 
calculations 
for 
the 
Am29F010 
vs. 
12.0 V 
Flash 
devices 
during 
reprogramming. 


Device Level Reprogramming 
Power Consumption 


Am29F010 
12.0 V Flash Memory 
Vee Power 
Vee Power 
= 5.0 V (Vee) 
= 5.0 V (Vcc) 


x 50 mA (Icc) 
x 30 mA (Ice) 
= 250 mW 
= 150 mW 


DC/DC Converter 
Reprogramming 
Power 


Consumption 


Am29F010 
12.0 V Flash Memory 


Vpp Power 
Vpp Power 
not required 
= 12.0 V (Vpp) 
x 30 mA (Ipp) + 
DC to DC converter efficiency 
= 450 -720 
mW 


12.0V 
Flash 
memories 
require 
more 
system 
level 
power since 5.0 V to 12.0 V conversion 
circuitry 
is not 


100% efficient. 
The typical 
efficiency 
of the DC to DC 


converter 
is between 
50% to 80%. 


Total System Level Power Consumption 
(Reprogramming) 


Flash 
Device 
DC/DC 
Total System 


Memory Type 
Level 
Converter 
Level Power 


Am29F010 
250 mW 0 
250 mW 


12.0 V Flash 
150mW 
450 - 720 mW 600 - 870 mW 


• 
The 
Am29F010 
provides 
a minimum 
of 100,000 
write endurance 
cycles per sector. This kind of high 


endurance 
is especially 
important 
in the emerging 


markets 
of embedded 
Flash disks 
and removable 


memory cards. Typical 
endurance 
last well beyond 
the 100,000 cycle minimum. 


• 
The 16 Kbyte sector erase architecture 
is another 


added advantage 
which 
is valued 
by many system 


designers. 
This feature provides the capability 
to se- 


lectively rewrite portions of the memory 
array while 


leaving the rest of the memory contents 
fixed. This 
architecture 
simplifies 
the 
design 
and 
debugging 
process 
by providing 
program 
modularity 
to the 
system. 
Individual 
sectors 
may also be hardware 


protected. 


• 
The Am29F010 
has an access 
time of as fast as 
45 ns which will provide 
true 0 wait state perform- 
ance in very high speed designs. 


• 
The device 
incorporates 
AMD's 
Embedded 
Algo- 


rithm which reduces software 
overhead 
for the sys- 


tem 
designer. 
It 
also 
increases 
system 
level 


performance 
since the CPU will be free to do other 
tasks during reprogramming 
operations. 


• 
The device also incorporates 
several features to pre- 
vent inadvertent 
write cycles. 


- 
During power-up 
and power-down, 
write cycles 
are locked out when Vcc is less than 3.2 V 
(typically 3.7 V). Under these conditions, 
the 
command 
register is disabled 
and all internal 
program/erase 
circuits are disabled. 


- 
The device ignores 
noise pulses or glitches of 


less than 5 ns (typically) 
on control signals OE, 


CE and WE and will not initiate a write cycle. 


- 
During power-up 
of the device even with WE = 
CE = VILand OE = VIH,the state machine will not 
accept commands 
on the rising edge of WE. The 
internal state machine 
is automatically 
reset to 
the read mode. 
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DESIGN-IN WITH AMD'S Am29F010 


Hardware Pin-Out Details 
T~e Am29F010 
is available 
in 32-pin OIP/PLCC/TSOP 


packages. 
The 
pin-out 
is compatible 
with 
JEOEC 


standard 
1 Mbit E2PROMs and also provides 
lor easy 
upgrades to 4 Mbit densities. 
Below is the 01P pin-out lor 


the AMO's Am29F01 0 and upcoming 
4 Mbit 5.0 V-only, 
sector erase Flash memory device. 


The only differences 
in pin-out 
are Pin 1 and Pin 30 


which 
are NC in the Am29F010 
pin-out 
and used as 


higher address 
lines A 18 and A 17 for the 4 Mbit Flash 


device. A system designer may design with a 1 Mbit part 
today and upgrade it with a 4 Mbit memory without 
any 


layout change 
in the board. 


In fact, 
Am29F010 
may 
be 
also 
used 
as an 
ideal 
upgrade 
to a 28F010 
Flash-based 
design without 
any 


layout change. The only difference 
between Am29F01 0 


and 28F010 pin-out is Pin 1 which is NC in Am29F010 
and used as Vpp pin for 28F010. 


AMD Am29F010 


•.NC 
Vcc 


A16 
WE 


A1S 
NC 


A12 
A14 


A7 
A13 


A6 
A8 


AS 
A9 


A4 
All 


A3 
OE 


A2 
Ala 


Al 
CE 


AD 
DOl 


DOa 
006 


001 
DOS 


002 
004 


Vss 
003 


AMD Am29F040 


A18 
Vcc 


A16 
WE 


A1S 
A17 


A12 
A14 


A7 
A13 


A6 
A8 


AS 
A9 


A4 
All 


A3 
OE 


A2 
Ala 


A1 
CE 


Aa 
DOl 


Doa 
006 


001 
DOS 


002 
004 


Vss 
003 


Replacing the 28F001 ex with Am29F010 
By changing 
the software only, AMD's Am29F010 
may 
be used 
to upgrade 
a system 
using 
Intel's 
12.0 V 
28F001 BX, 1 Mbit boot block flash device to 5.0 V 'only 
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operation. 
Please 
refer 
to 
Figure 
2 for 
a 
pin-out 
comparison 
between 
the 
Am29F010 
and 
the 
28F001BX. 


AMD Am29F010 
Intel 28F001 BX 


>Nq 
Vcc 
Vcc 


A16 
WE 
WE 


A1S 
NC 
fWP 


A12 
A14 
A14 


A7 
A13 
A13 


A6 
A8 
A8 


AS 
A9 
A9 


A4 
A11 
A11 


A3 
OE 


A2 
A10 


A1 


AO 


DOO 
D06 
D06 


D01 
DOS 
DOS 


D02 
D04 
D04 


Vss 
D03 
D03 


Hardware Pin Out Comparison 
There are two differences 
in pin-out for AMD Am29F01 0 


and Intel 28F001 BX: 


- 
The Am29F010 
does not use Vpp (Pin 1) and it is not 
connected 
internally 
to the device. 


- 
Intel's 
28F001 BX has added 
pin PWD (Pin 30) to 
support deep power-down 
mode. AMD's Am29F01 0 
does not support 
the power-down 
function. 


Since Pin 1 and Pin 30 are NC for AMD's Am29F010, 
it 
is 100% hardware compatible 
with the 28F001 BX Flash 
device and may be used as a drop in replacement 
if the 
power down function 
is not required. 


Software Command Structure 
AM D's Am29F010 
uses the JEDEC 
standard 
1 Mbit 
E2PROM 
5.0 
V-only 
multi-sequence 
command 
set. 


Please 
refer 
to 
Table 
1 for 
Am29F010 
command 
definitions. 


Table 
1. 
Am29F010 
Bus Command 
Structure 


Bus 
1st Bus 
2nd Bus 
3rd Bus 
4th Bus 
5th Bus 
6th Bus 
Write 
Write Cycle 
Write Cycle 
Write Cycle 
Write Cycle 
Write Cycle 
Write Cycle 
Command 
Cycles 
Sequence 
Required 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 


Read/Reset 
4 
5555H 
AAH 
2AAH 
55H 
5555H 
FOH 


Read 1.0. 
4 
5555H 
AAH 
2AAH 
55H 
5555H 
90H 


Byte Program 
4 
5555H 
AAH 
2AAH 
55H 
5555H 
AOH 
Byte 
Data 
Addr 


Chip Erase 
6 
5555H 
AAH 
2AAH 
55H 
5555H 
SOH 
5555H 
AAH 
2AAAH 
55H 
5555H 
10H 


Sector Erase 
6 
5555H 
AAH 
2AAH 
55H 
5555H 
SOH 
5555H 
AAH 
2AAAH 
55H 
Sector 
30H 
Addr 


These commands 
allow the user to program 
data on a 
by1e by byte basis and erase any combination 
of sectors 


or even the entire device at once. 


Am29F010 
and 
the 
28F001 BX, 
one 
command 
se- 


quence may be used to determine 
whether the AMD or 


Intel device is in the system. Theflow 
chart below shows 


how to determine 
the device 
1.0. and then jump to the 


appropriate 
algorithm. 
Common 
Device 
1.0. Command 
for AMD's 


Am29F010 
and Intel's 
28F001 BX 


Although the specific commands 
used to implement the 
program and erase algorithms 
are different between the 


Read 
Manufacturer 1.0. 


AMD 
No 


I.D.? 
! 


Ves 


No 
Intel 
I.D.? 
! 
Use Am29F01 0 
Algorithm 
!Ves 
I 
I 


Error 


Use 2SF001BX 


Algorithm 
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Table 
2 details 
a common 
software 
sequence 
that 
allows the system to determine 
which device is on board 


and shows how to use the appropriate 
algorithm. 


Note that the sectoring 
differences 
between 
the two 


devices 
must be considered 
in the software 
design to 


AMD~ 


replace the 28F001 BX with Am29F010. 
We have not 
discussed 
it in this 
application 
note 
since 
it is an 
application 
specific implementation. 


1st Bus Cycle 
2nd Bus Cycle 
3rd Bus Cycle 
4th Bus Cycle 
(Write Cycle) 
(Write Cycle) 
(Write Cycle) 
(Write Cycle) 


Addr 
Data 
Addr 
Data 
Addr 
Data 
Addr 
Data 


5555H 
AAH 
2AAAH 
55H 
5555H 
90H 
OOOOH 
Mfg.I.D. 


AMD 
Unlock 
Unlock 
I.D. 
0OO1H 
Cycle 
Cycle 
Command 


Intel 
Ignored 
Ignored 
I.D. 
0089H 
Command 


Embedded Algorithm - Write Operation 
Status 
The Am29F010 
features 
Data Polling 
and Toggle 
Bit 


methods 
as ways to indicate to the host system when 


the Embedded 
Algorithms 
are in progress or completed. 
The 
status 
is 
available 
from 
the 
device 
once 
the 


Embedded 
Algorithm 
has begun. 


Data 
Polling: 
During 
the 
embedded 
operation, 
an 


attempt 
to read the device 
will produce 
complement 


data of the true data 
being written 
to 007. 
Once the 


embedded 
operation 
is completed, 
an attempt to read 


the device will produce the true data expected 
from the 


device. Upon the completion 
of an Embedded Algorithm 


operation 
the device returns to the read mode. 


Toggle 
Bit: During and embedded 
operation, 
succes- 
sive attempts 
to read data from the device will result in 


D06 toggling 
between one and zero. Once the embed- 
ded operation 
is completed, 
D06 will stop toggling 
and 


valid data will be read. Upon completion 
of an Embed- 


ded 
Algorithm 
operation 
the 
device 
returns 
to the 


read mode. 


Sector Architecture 
The AMD Am29F010 
is a 1 Mbit Flash Memory device 
organized 
as 128K bytes of 8 bits each. It is divided into 


eight 
equal 
size 
sectors 
of 
16K 
bytes 
each. 
Any 


combination 
of sectors 
can be individually 
or concur- 


rently erased. 


'In addition, any combination 
of sectors or any individual 


sector may be write protected. 
Since the sector protect 


feature of the Am29F01 0 requires 
12.0 V, it is typically 


done by using the external 
programming 
equipment 
at 


the user's 
site. 
Alternatively, 
AMD 
will 
program 
and 


protect the sectors as desired 
prior to shipment. 
In the 


protect 
mode, any individual 
sector 
may be selected. 


Protected 
sectors 
may 
also 
be 
unprotected 
if it is 


desired. 
Please refer to the data sheet for more details 


on sector protection 
and unprotection. 


The fully-sectored 
architecture 
of the Am29F010 
pro- 


vides a system designer a much higher degree of design 
flexibility. 
It also simplifies 
the design 
and debugging 
process 
by permitting 
a system 
designer 
to erase 
a 


single 
sector 
only 
during 
code 
modification. 
This 


reduces 
the development 
cycle and results 
in shorter 


time to market. 


- 
Comparison 
Chart Am29F01 0 and 28F001 ex 


Features 
AMD Am29F01 0 
Intel 28F001 BX 


Density 
128 
Kbyte 
128 
Kbyte 


Architecture 
Fully Sectored 
Block based 


Sector/Block 
size 
16 Kbyte 
8,4,4& 
112 KByte 


Automatic 
Algorithm 
Yes 
Yes 


Power Supply 
5.0 V only 
5.0 V/12.0 V 


Standby 
Mode 
Yes 
Yes 


Deep Power Down Mode 
No 
Yes 


Sector Protect 
All Sectors 
Only Boot Block 


Sector Unprotect 
Yes 
Yes 


Write Operation 
Status 
Data Polling:Toggle 
Bit 
Status Register 


Chip Erase Time 
1 second 
10.10 seconds 


Chip Program Time 
3 seconds 
2.39 seconds 


Erase Suspend 
No 
Yes 


Power Consumption 
250 mW 
600 mW - 870 mW 


(Programming) 


Fastest Speed 
45 ns 
120 ns 


Inadvertent 
Write 
No write for VCC<VLKO 
No write for VPP<VLKO 


Protect 
5 ns glitches 
ignored 
Two bus cycle software 
Read mode during Power up 
command 


Four/Six bus cycle software 
command 


Package 
32-Pin DIP/PLCC/TSOP 
32-Pin DIP/PLCC/LCC 
& TSOP 


Easy upgrade to 4Mbit 
No upgrade path 


JEDEC 
Pin Out 
Yes 
PWD Pin not defined 


Endurance 
100,000 cycles mininum 
10,000 cycles minimum 
per sector 


- 
12.0 Volt Flash Memory VppGeneration 
Circuitry 


L1' 
33IJ.H 


+VIN 
5V 


1 
t 
VIN 
22IJ.Fo 
J16V 


VOUT 
12 V 
BOmA 


SHUTDOWN 


GND 


4 


, L 1 = SUMIDA 
CD54-330N 
(708-956-0666) 


°Hihon 
CSTOD226M016TC 
(813-371-2600) 


"Use 
L T1109A 
for 120 mA Output 
(Consult 
LTC Factory) 


Vpp 


Programming 
Control 
(Direct 
from 
Microprocessor) 


V+ 


SHUTDOWN 
LX 


MAXIM 
MAX732 


VOUT 


CC 


GND 


+12 V±4"1o 


1N5B17 
@120mA 


tJ33IJ.F 
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Advanced 
Micro 
Devices 


Reprogrammable 
Flash BIOS Design 
Using AMD's Am29F01 0 


Application Note 
by Kumar Prabhat 


This application 
note describes 
the general 
overview 
and various system level issues for a repro- 
grammable 
Flash BIOS design. 
Any system 
designer, 
whether 
notebook 
or desktop 
system, 
will 
benefit 
from this discussion. 
This application 
note also describes 
the AMD A m29FO10 5.0 V-only, 


sector erase part and why it is an ideal choice for a reprogrammable 
BIOS design. 


INTRODUCTION TO BIOS 
Every 
individual 
computer 
system 
consists 
of three 
basic blocks-Hardware, 
Hardware 
Specific 
Firmware 
commonly 
named BIOS and System Software. 


Application 
Sottware 
! 


Operating 
System 
S/W 
(DOS, 
OS/2, 
UNIX) 
! 


Firmware 


(Specific 
to HIW) 
Known 
as BIOS 
! 


Hardware 


BIOS is a hardware dependent 
software normally stored 


in an EPROM, 
which 
provides 
an interface 
between 
specific 
hardware 
and system 
software. 
It interfaces 


with various hardware 
components 
like core logic chip- 
set, graphics 
controller, 
the keyboard 
and disk drive. 


Any application 
software and operating system software 


(i.e., DOS, OS/2 and UNIX) runs above it and uses vari- 
ous BIOS procedures. 
IBM has defined 
various 
BIOS 
procedures 
to 
control 
specific 
peripheral 
functions. 
Some of them are mentioned 
as follows: 


INT 13H 
INT 17H 
INT 10H 
INT 16H 
INT 14H 


Disk Drive Control 
Printer Control 
VGA Control 
Keyboard 
Control 
Serial Communication 
Control 


To use the BIOS procedure 
you load the parameters 
re- 
quired by the procedure 
and then execute the INT# in- 
struction 
that accesses 
that procedure. 
For example, 


you can use the BIOS INT 1OH procedure 
for 15 differ- 
ent functions 
related to the CRT display. Some of these 
functions 
are: set display mode, set color palette, write 
dot and write character 
to screen. You specify the func- 
tion you want by loading the number for that function 
in 
the 
AH 
register 
before 
executing 
the 
INT 
10H 
instruction. 


All of the 80X86 procedures 
boot up from the BIOS lo- 
cated at the very top of the 1 Mbyte memory map which 
is FOOOOH- FFFFFH. 
In addition 64K by1es of space ly- 


ing in the address range EOOOOH- EFFFFH is provided 
for any BIOS extension. 


The BIOS also contains various initialization 
routines to 
initialize 
system components 
like the serial port, DMA 
Controller 
and Interrupt Controller. 
During 
power-on 
it 
does the Power On Self Test (POST) 
routines. 
It also 
checks for basic system RAM functionality. 
If the system 
passes the RAM functionality, 
the BIOS will copy itselfto 
the top 64K byte area of 1 Mby1e main memory. 
This is 
known as shadowing 
BIOS which improves the system 
performance 
since 
the 
BIOS 
code 
is run 
at DRAM 
speeds instead of slower ROM speeds. 


WHY THE NEED FOR 
REPROGRAMMABLE 
BIOS 
The concept of a personal computer 
is changing 
rapidly 
as technology 
progresses. 
Yesterday's 
high-end 
sys- 


tems are becoming today's standard platforms 
and new 
technologies 
have brought 
enhanced 
system capabili- 
ties into the user's hands. The fastest growing segments 
of the computer 
market are in Notebooks 
and other port- 


able PCs. Increasing 
demands 
for sophisticated 
hard- 


ware 
and 
intelligent 
power 
saving 
algorithms 
have 
increased 
the complexity 
of BIOS code. In the desktop 
computers 
area, 
the 
enhanced 
support 
of Ethernet! 


SCSI Controller 
on the PC motherboard 
also increases 
the need for BIOS 
modifications 
to support 
sophisti- 
cated peripherals. 
On the high-end, 
EISA systems need 
to store hardware 
specific configurations 
which are tra- 
ditionally 
stored in baltery-backed-up 
SRAMs. 
Today's 


PC BIOS is no longer a standard 
product except for the 


basic 64K byte compatibility 
portion. The remaining 64K 


byte area has a significant 
potential to change with the 


addition of Power Management 
software and new setup 


utilities. To summarize, 
we see the potential 
change in 


BIOS code at every stage of manufacturing 
like design, 
debugging, 
testing and production. 
Code modifications 


with EPROMs do not provide a cost effective and timely 
solution since a UV Eraser and a separate 
EPROM pro- 
grammer 
are required. 


Flash Memories 
offer a superior solution for this kind of 


application. 
Code 
prototyping 
time 
is significantly 
re- 


duced 
because 
Flash Memories 
can be updated 
with 


new code in a manner of seconds 
while still in the sys- 


tem. Board level diagnostics, 
final system test, and cus- 


tomer 
specific 
configuration 
code 
can 
all 
be 


down-loaded 
into the Flash memory 
electrically 
on the 


assembly 
line. Devices may be soldered directly to the 


system board. This reduces the cost associated 
with the 


BIOS socket and also eliminates 
the need to disassem- 
ble the system 
and replace 
socketed 
devices. 
More- 


over, it will remove the prohibitive 
costs associated 
with 


a field service call. When updates to system code or sys- 
tem reconfiguration 
is necessary, 
these costly service 


calls may be replaced with remote updates or by distrib- 
uting floppy disks with new data. 


AMD FLASH MEMORY 
This section provides 
a brief overview 
of AMD's 5.0 V- 


only Flash memory and in particular, 
AM D's Am29F01 0 


5 V-only, Sector Erase part. 


AM D's 5.0 Volt-only Flash Memory 
Technology 


This section illustrates the fundamentals 
of AM D's Flash 


Memory Technology. 
AMD's Flash memory technology 


is very similar to that of our UV EPROM. The main differ- 
ence is associated 
with the Fowler-Nordheim 
tunneling 


erase mechanism. 


During 
program 
operations 
AMD's 
Flash 
memories 
tran~fer and store charge on a floating gate in a manner 
similar to EPROM. 
This provides 
data retention 
that is 


equivalent 
to that of EPROM devices. The device is pro- 
grammed 
by raising the control gate and drain terminal 


to a high voltage. The source terminal is grounded. 
The 


voltage 
potential 
across 
the channel 
attracts 
channel 


electrons from the source area towards the drain. At the 
drain region, some of these channel 
electrons 
become 


"hot" electrons 
and are swept up through the thin oxide 


where they are trapped 
on the floating 
gate. The elec- 
trons stored on the floating gate create an electric field 
which turns off the memory transistor 
and represents 
a 


logic zero. 


AMD's 
5.0 V-only, 
Flash memory 
uses Negative 
Gate 


Erase Technology 
for erase operations 
in order to mini- 
mize the current 
drawn from the erase change 
pump. 


AMD's 
Negative 
Gate 
Erase 
technique 
actually 
pro- 


vides the same electric fields to the Flash memory cell 
and uses the same erase mechanism 
as its 12.0 V Flash 


devices. A negative voltage of -10.5 
V is applied to the 


control gate while the source terminal 
is at 5.0 V sup- 


plied by the system Vcc supply. Negative Gate Erase is 
used in order to reduce the current drawn from the erase 
charge 
pump. 
The 
band-to-band 
tunneling 
current 


(10-20 
mA peak) comes directly 
from the system 
Vcc 


supply through 
the Array around 
terminal. 
This is the 


most efficient way to use an existing system Vcc supply. 
The current 
required 
from 
the 
Negative 
Gate 
Erase 


charge pump is less than 10 llA at -10.5 
V. This signifi- 


cantly reduces the internal power consumption 
in rela- 


tion to conventional 
12.0 V approaches. 


The Am29F010 


This 
section 
describes 
the 
various 
features 
of the 


Am29F010. 


General 
Description 


The Am29F01 0 is a 1 Mbit 5.0 V-only "Flash" electrically 
erasable, 
electrically 
programmable 
read only memory 


organized 
as 128K x 8 bits. lt is a 32-pin device which 


allows upgrades to 4 Mbit densities. 
The device has uni- 


form sector architecture 
with 100,000 
minimum 
endur- 


ance cycles per sector. 


The Am29F01 0 is entirely pin and software 
compatible 


with the 5.0 V-only JEDEC 
standard, 
Commands 
are 


written to the command 
register using standard 
micro- 


processor 
write timings. 
Register contents 
serve as in- 


put to an internal 
state-machine 
which 
controls 
the 


erase and programming 
circuitry. 
Write cycles also in- 


ternally 
latch addresses 
and data needed 
for the pro- 


gramming 
and erase operations. 
With the appropriate 


command sequence written to the register, standard mi- 
croprocessor 
read timings output array data, access the 


auto-select 
codes or output data for erase and program 
verification. 
Reading data out of the device is similar to 


reading from 12 V Flash or EPROM devices. 


Embedded 
Algorithms 


The Am29F01 0 is programmed 
and erased using Em- 


bedded 
Algorithms, 
which 
completely 
automates 
the 


program 
and erase operation. 
The Am29F010 
is pro- 


grammed 
by executing 
the 
Program 
Command 
se- 


quence. 
The 
Embedded 
Programming™ 
Algorithm 


automatically 
times the programming 
pulse width and 
verifies 
the proper cell margin. 
Chip erase is done by 
executing 
the erase command 
sequence. 
The Embed- 


ded Erase ™ Algorithm 
automatically 
verifies if the entire 


array is programmed 
and if it is not, the algorithm 
will 


automatically 
pre-program 
it before beginning 
electrical 


erase. 


The Am29F010 
features 
Data Polling 
and Toggle 
Bit 


functions 
as a method 
to indicate 
to the host system 


when 
the 
Embedded 
Algorithms 
are 
in progress 
or 
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completed. 
During the Embedded 
Program 
Algorithm 


an attempt 
to read the device will produce compliment 


data of the data last written to D07. Upon completion 
of 


the Embedded 
Program 
Algorithm, 
an attempt to read 


thE(device will produce the true data last written to D07. 
During the Embedded 
Erase Algorithm, 
D07 will be "0" 
until the erase operation 
is completed. 
Upon completion 


of Embedded 
Erase Algorithm 
data at D07 will be "1". 
The 
device 
also 
features 
a "Toggle 
Bit" as another 


method to indicate to the host system when the Embed- 
ded Algorithms 
are in progress or completed. 
During an 


Embedded 
Program or Erase Operation, 
successive 
at- 


tempts 
to read data from the device will result in D06 
toggling 
between 
one and zero. 
Once the Embedded 
Program or Erase Operation 
is completed, 
006 will stop 


toggling and valid data will be read. Upon completion 
of 


the Embedded 
Algorithm 
the device returns to the read 


mode. The Am29F01 0 will also indicate through DOS, if 
the program 
or erase time has exceeded 
the specified 


limits. 
Under 
these 
conditions 
DOS will 
produce 
"1" 


which will indicate that the program or erase cycle was 
not successfully 
completed. 
Then 
D04 
will 
indicate 


which algorithm 
exceeded 
the limits. A "0" in D04 indi- 
cates a programming 
failure, 
a "1" indicates 
an erase 


failure. 


The automatic 
nature of the Embedded 
Algorithms 
pro- 
vide various benefits over standard algorithms. 
Embed- 
ded Algorithms 
increase the system level performance 
significantly 
by reducing 
the CPU's 
overhead 
associ- 


ated with the repetitive 
nature of standard 
algorithmic 
commands. 
This frees up the CPU to execute other sys- 


tem level tasks. 


Sector 
Based 
Architecture 


The Am29F01 0 also features 
a sector erase architec- 
ture. The whole memory content of the device is divided 
into eight sectors of equal size. The sector architecture 
allows for 16K byte segments 
of memory to be erased 
and reprogrammed 
without affecting other sectors. The 
device 
also supports 
hardware 
sector protection. 
This 


feature will disable both program 
and erase operations 
in any number of sectors (0 through 
7). Please refer to 


the data sheet for more details on sector protection. 


Sector erase requires a six bus cycle command 
similar 


to standard 
E2pROMs. 
There are two unlock write cy- 
cles followed 
by writing 
the "set-up" 
command. 
Two 
more unlock write cycles are then followed by the sector 
erase command. 
On this sixth bus cycle, sector address 
defined 
by higher address 
lines A 16, A 15 and A 14 is 
latched on the falling edge of WE, while the sector erase 
command 
(30h) is latched 
on the rising edge of WE. 


Multiple sectors may be erased concurrently 
by writing 
the six bus cycle command 
as described 
above followed 
by 
a sector 
erase 
command 
with 
other 
sector 
ad- 
dresses. A time-out of 100 lls from the rising edge of the 
WE pulse of the last sector erase command 
will initiate 


the sector erase operation. 
If another sector erase com- 


mand is written within the 100 lls time-out 
window 
the 
timer is reset. Any command 
other than sector 
erase 


within the time-out 
window 
will reset the device 
to the 


read mode, ignoring the previous command 
string. The 


device will indicate this time-out through the D03 pin. If 
D03 is high the internally controlled 
erase cycle has be- 


gun, and attempts to write additional 
commands 
to the 


device will be ignored until the erase operation 
is com- 


pleted as indicated 
by the Data Polling or Toggle Bit. If 


D03 
is low, the sector erase timer window 
is still open 


and the device will accept additional 
sector erase com- 


mands. The system software should check the status of 
D03 prior to and following 
each sector erase command. 


Am29F010-An 
Ideal Choice 


• 
The Am29F010 
has an access 
time of as fast as 


45 ns which will provide 
true 0 wait state perform- 


ance in very high speed designs without 
download- 


ing the code to the Shadow 
RAM. 


• 
The 
device 
incorporates 
Embedded 
Algorithms 


which 
reduces 
software 
overhead 
for system 
de- 
signer 
and it also increases 
system 
performance 
since 
CPU 
will 
be free 
to do other 
tasks 
during 


reprogramming 
operations. 


• 
The device provides a minimum of 100,000 write en- 
durance 
cycles per sector. This kind of high endur- 
ance is especially 
important 
in the emerging 
markets 
of embedded 
flash disks and remoyable 
cards. 


• 
Since the Am29F01 0 is a 5.0 V-only device, it elimi- 
nates the need for DC to DC converter 
circuitry 
to 


translate the system level voltage level from 5.0 V to 
12.0 V for write and erase operations. 
This also sim- 


plifies the hardware design, results in reduced board 
space 
and 
reduces 
the 
system 
cost 
by approxi- 


mately $2.00 to $4.00. 


• 
As the power 
consumption 
is proportional 
to the 
square of operation 
voltage, 5.0 V operation 
reduces 


the power consumption 
significantly 
during program- 


ming and erase operation. 


• 
Sector erase architecture 
is another 
added advan- 


tage which 
is valued 
by many 
system 
designers. 


The Am29F010 
provides 
a system 
designer 
eight 
sectors to use in their designs 
in order to add more 


functions to the system. It also eases the design and 
debugging 
process by allowing a system designer to 
erase a single sector during code modification. 
This 


brings the program 
modularity 
to the system. 


• 
The device 
also 
incorporates 
several 
features 
to 


prevent inadvertent 
writing of the part. 


- 
During the power-up 
and power-down, 
a write 


cycle 
is locked 
out 
for 
Vcc 
less 
than 
3.2 
V 
(typically 
3.7 
V). 
Under 
these 
conditions, 
the 


command 
register 
is disabled 
and 
all internal 
program/erase 
circuits are disabled. 


- 
The device ignores the noi~ulses 
0-!..9.!!tchesof 
less than 5 ns (typical) on OE, CE or WE and will 
not initiate a write cycle. 


- 
During power-up 
of the device even with WE = 
CE = VIL and OE = VIH, the device will not accept 
commands 
on the rising edge of WE. The internal 
state machine 
is automatically 
reset to the read 
mode. 


Packaging Details 


AMD's 
Am29F010 
is being 
offered 
in three 
standard 
32-pin packages: 
Plastic Dual In-Line Package (PDIP), 
Plastic 
Leaded 
Chip 
Carrier 
(PLCC), 
Leadless 
Chip 
Carrier (LCC) and Thin Small Outline Package (TSOP). 
See Figures 1 and 2 for pin-out details. 
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A9 
CE 
3 
30 
A8 
D07 
4 
29 
A13 
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29F010 Reverse 
Pinout 
17078B-3 


Figure 2. Am29F010 
TSOP Pin-Out 


Thin Small Outline Package 


The TSOP is the industry's 
leading edge plastic, surface 


~o~ntable 
':lemory 
package. 
System requirements 
for 


hlghe~ ~enslt~ and smaller, high density memory arrays 
are dnvlng this packaging 
trend. It is becoming the stan- 


dard choice for hand-held 
equipment 
and palmtop/ lap- 


top co~puters 
as well as memory cards. This package 


comes 
In standard 
and reverse 
32-pin options 
and is 


~vailable in the 8 mm x 20 mm x 1.27 mm package out- 
line. In addition to the TSOP's 
low height profile, maxi- 


AMD~ 


mum board space is achieved with the dual-in-Iine 
and 
standard/reverse 
pinouts. Board layers can be reduced 
because 
traces 
are routed under the two sides of the 


package that do not have leads. This allows packages to 
be mounted 
side-by-side 
and end-to-end. 
All pins ex- 
cept chip enable pins can be connected 
in parallel. This 


is accomplished 
by using standard 
and reverse pin-out 


packages 
in an alternating 
sequence 
as 
shown 
in 


Figure 3. 


II 


v 
- 


29F010 
29F010 


>---- 


~ 
l 
- 
I 
I 
I 
U 
I 
>-- 
f--r- 


IO~O:l6l 
O~O:l6l 


I-- 


A 
0 
I 
0 
I 
f--- 
V 


I-- 


29F010 
29F010 


I-- 


o = Pin 1 indicator 
for standard 
bend pinout 


L.= Pin 1 indicator 
for reverse 
bend pinout 
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SYSTEM LEVEL DESIGN ISSUES 
This section describes 
various system level design con- 
siderations 
for the support of reprogrammable 
BIOS. 


Hardware Design Consideration 


This section describes 
the modifications 
required in the 
standard 
PC-AT 
motherboard 
to 
support 
the 
Flash 
BIOS. Below is the block level diagram 
of a PC-AT mo- 
therboard 
supporting 
reprogrammable 
Flash BIOS. 


ADS 


MilO, Die, wifi. 


CA31 -CA2 


CD31 - CDO 


Discrete 
Logic 


WE 


Am29F010 


74F245 
Buffer 
(Optional) 


Looking 
at the above block diagram 
we come 
across 
two main considerations 
for supporting the Flash based 
reprogrammable 
BIOS: 


• 
All write accesses 
to EPROM address space are di- 
rected 
to the 
ISA bus 
and 
effectively 
discarded. 


Since 
standard 
PC 
chip 
sets 
do 
not 
generate 
MEMWA 
with AOMCS. 
WE for Flash EPROM must 
be generated 
externally. 


• 
Standard 
PC motherboards 
do not support writes to 


the BIOS EPROM. 
If the chip set data buffer works 
only in one direction, 
a data buffer is required 
that 
works 
in both read and write directions 
in order to 
support 
Flash BIOS. 


WE generation 
for Flash EPROM can be generated 
by 
using simple discrete 
circuitry 
to decode 
the BIOS ad- 
dresses 
range 
(EOOOOH- 
FFFFFH), 
MIlO, and W/R. 
Figure 5 shows the generation 
of WE signal. 


CA19 
CA18 
CA17 


wifi. 
WE 


MilO 


Considerations for In-System 
Programming 


In traditional 
PC motherboard 
design, the EPROM con- 


taining 
BIOS, is normally 
socketed 
and disassembled 


from the board. 
Flash EPROMs 
eliminate 
the need to 


disassemble 
the system and replace the socketed 
de- 


vice in orderto 
update System BIOS. Flash devices may 


be soldered directly to a printed circuit board since they 
support in-system 
programming. 


Before soldering 
the Flash memory 
on the board, the 


manufacturer 
may initially 
program 
the boot code and 


any other codes which have to be protected. 
Boot codes 


may be protected 
using external 
programming 
equip- 
ment orby AMO. To activate these modes, the program- 
ming equipment 
must force 
12 V on the device. 
The 


particular 
sector 
will 
be 
selected 
using 
high 
order 


AMD~ 


address lines A 14, A 15 and A 16. Once the device is sol- 
dered 
into the board, 
the rest of the programming 
is 


done 
by using the local CPU. 
The 
Boot code 
is not 


meant to be changed 
once it is protected. 
However, 
its 


content 
may be altered by using the Sector 
Unprotect 


feature of the device and then reprogram the device with 
a new code. Please refer to the data sheet for more de- 
tails on sector protect and unprotect. 


Software Design Consideration 


Let us take the BIOS design example 
using the AMO's 


Flash device 
Am29F010 
as shown 
in Figure 6. BIOS 


Code has been divided 
into various 
modules 
like Boot 


Code, System 
BIOS, VGA BIOS, Power Management 


Code etc., and each sector may be used for individual 
modules. 
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Please note that the only difference 
between 
the stan- 


dard BIOS and Flash BIOS is the addition of Boot Code 
loc~ted in a separate 
sector. The Boot Code resides in 


the system address FCOOOh- FFFFFh and contains the 
minimum 
code 
needed 
to boot up the system 
so that 


other 
blocks 
can be reprogrammed 
if required. 
Boot 


Code consists 
of: 


• 
16-byte jump vector 


• 
,BIOS check sum routine 


• 
Recovery 
code 


The Recovery 
Code contains 
various initialization 
rou- 
tines and basic minimum 
routines for system start-up. 


- 
System timer 


L DMNlnterrupt 
function 
I Keyboard 


- 
Floppy drives 


• 
During 
power 
on Boot Code 
takes 
control 
of the 
system 


- 
It uses the BIOS checksum 
routine to check for 


valid main BIOS. 


• 
If the main BIOS is valid, system 
RAM is checked 


and the main BIOS code is copied 
into the system 


DRAM 
memory 
and continue 
the 
boot operation. 


This feature 
is known 
as shadow 
memory 
and is 


used by most PC designs. 


• 
If BIOS checksum 
determines 
an invalid 
BIOS, the 


system gives control to the recovery 
code for boot 


operation. 
The recovery 
code initializes 
the system 


RAM and floppy 
drive. 
Using basic 
minimum 
rou- 


tines, it boots up the system from floppy drive and 
displays the message to insert the BIOS update disk- 
ette. 


• 
The BIOS update diskette 
will contain: 


- 
Reprogramming 
utility 


- 
BIOS code 


• 
The 
reprogramming 
utility 
is loaded 
into 
system 


RAM and used to reprogram 
the main BIOS from the 


diskette. 


The above procedure 
may be also used to modify the 


main BIOS code. 
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Generation 
and Control of Vpp Programming 
Voltage for Flash Memories 


Constant 
Vpp voltage 
of 12.0 V ± 0.6 V is required for 


erase 
and 
programming 
operations. 
Parallel 
device 


rep(ogramming 
(either 
16-bit or 32-bit data words) 
re- 


quires 
30 mA of current 
for each device 
in the Flash 


memory 
array. 


Vpp voltage 
may be generated 
in a number 
of ways. 
Each of these options will be discussed 
during the text. 


1. Hardwire 
Vpp Voltage to the Flash Device. 


2. 
Umbilical 
Cord Type Programming. 


3. 
Use DC/DC Convertor 
to pump 5 V to Vpp Voltage. 


4. 
Pump 5 V to Vpp Voltage with Analog Circuitry. 


It is important 
to maintain 
the specified 
Vpp voltages 


when programming 
the Flash memory device. All inter- 


nal device 
voltages 
are generated 
from the Vpp refer- 


ence. 
Inappropriate 
Vpp voltage 
may 
impair 
device 


performance. 
Internal voltages do not exceed that of ex- 
ternal VPP. 


Unlike other approaches 
to Flash memories, 
AMD's de- 


vices actually 
verify margin for each byte during erase 


and programming 
operations. 
This is accomplished 
dur- 
ing the Erase-verify 
and Program-verify 
operations 
re- 


spectively. 
During 
these 
operations, 
the 
appropriate 


margin-verify 
voltages 
are internally 
tapped 
off of the 


Vpp voltage via the command 
register and internal Vpp 


circuitry. 
This 
allows 
for Erase/Erase-verify 
and Pro- 


gram/Program-verify 
operations 
to be performed 
with 


static Vcc (5 V) and Vpp (12 V) voltages. 


Before proceeding, 
a few comments 
regarding basic de- 


sign 
philosophy 
should 
be mentioned. 
Please 
make 


note of these comments 
for any of the Vpp generation 


methods 
implemented. 


Vpp Trace 
and 
Circuitry 


Be aware that AC current is a component 
of DC power 


switching 
characteristics. 
Design 
the 
printed 
circuit 


board traces handling this current to accommodate 
high 


frequency. 


Printed 
Circuit 
Board 
Trace 
Layout 


Use a single ground plane to eliminate 
potential 
loops. 
Keep all inductive 
impedances 
at a minimum on all high 


current traces. 


Vpp RegUlator 
Circuitry 
Layout 


Locate the Vpp generation 
circuitry as close to the Flash 


memory 
array as possible. 
In addition, 
minimize 
lead 


lengths of the network. To help prevent noise from being 
picked up in feedback 
loops, locate all resistors and ca- 


pacitors as close to the Vpp network as possible. 
In order 


to prevent input ground loops, use separate 
returns for 


input and output capacitors. 


Device 
Decoupling 


Switching 
CE inputs for memory selection 
causes tran- 


sient current peaks at the Flash device. The Flash mem- 
ory devices 
should be decoupled 
with the appropriate 


capacitance 
from these transients. 


• 
Connect 
0.111Fceramic 
capacitor 
between 
Vcc and 


Vss and one between 
Vpp and Vss. The capacitors 


should 
be 
placed 
as 
close 
to 
each 
device 
as 


possible. 


• 
In addition, connect 
4.711Felectrolytic 
capacitor 
be- 


tween 
Vcc and Vss on the memory 
array's 
power 


supply. Do this for each set of eight memory devices. 
this bulk capacitor 
will maintain 
even voltage to the 


memory 
array. 


1. HARDWIRE 
Vpp VOLTAGE 
TO 
THE 


FLASH 
DEVICE 


Typically this approach 
is used in the most cost sensitive 


applications. 
Regulated 
12.0 V supplies 
are commonly 


available 
in many systems. 


When Vcc = 0 V, the Vpp voltage 
is internally 
disabled 


from the device. 
Memory 
contents 
cannot 
be altered. 


The Flash device automatically 
resets to the read mode 


when 
Vcc rises 
above 
2 V. This 
occurs 
even when 


Vpp=12V. 


Power supply sequencing 
is not required. 


The device will only respond to the correct sequence 
of 


commands 
in order to change 
the state of the Flash 


memory from Read mode to any other mode. In addi- 
tion, the three control pins must be in their correct state 
(CE = Low, OE = High and WE = Low) in orderto 
accept 


a command 
from the data bus. 


A number of additional 
procedures 
are available 
to fur- 
ther prevent 
inadvertent 
writes should system 
glitches 


occur during system/device 
power transitions. 


• 
Hold any control pin (CE, OE, or WE) in a non- 
'f"rite condition. 
This disables the device from 


f,xecuting 
any write operation 
(see example 
on 


,he next page). 


• 
Any "illegal" command 
(an illegal command 
is one 
1hat is not defined 
in the AMD Flash data sheet 


~nder the section - Command 
Definitions) 
written 


\0 the Flash device will automatically 
terminate 
any 


operation 
and reset the device to the Read Mode. 


Example: 


Holding WE in a non-write condition during power transitions. 


Vpp 
1 
Vcc -- 
System Vcc 


NC 
2 
WE -- 
System WE 


A15 
3 
Flash 
30 
NC 
Memory 


I 
Device 


In sYstems where the Vpp pin is to be connected 
directly 


to the + 12 V supply, WE should be held in a non-write 
state during power supply transitions. 
This will prevent 


against inadvertent 
write conditions. 


During power 
supply 
transitions, 
Vpp voltage 
is inter- 


nally 
disabled 
from 
the 
Flash 
device 
until 
Vcc 
rises 
above 2 V. In addition, 
the Flash device 
automatically 


resets to the read mode as Vcc rises above 2 V. When 
write enable is at VIH the command 
register is internally 
disabled from the internal state machine of the Flash de- 
vicl.When the command 
register is disabled, data com- 


mands 
can not be transferred 
to the state 
machine. 
Therefore the state of the Flash device will not be altered 
fro~ 
the read mode. Access 
to the command 
register 


will be prevented 
until the WE line is driven to a logic 
lev 
I low by the system write control. 


2. PMBILICAL CORD PROGRAMMING 


Mamy applications 
perform 
system 
updates 
using the 
umlDilical cord or edge connector 
programming 
method. 
The 
external 
programming 
equipment 
supplies 
the 


12.0 V ± 0.6 V Vpp voltage. 
When the umbilical 
cord is 
d. 
I 
Isconnected, 
be 
aware 
that 
electrostatic 
discharge 
may build up on the floating Vpp pin. To prevent against 
this problem, tie the Vpp pin to ground via a large (1OKO) 
pull-up resistor and a capacitor 
(see Figure 1). 


3. Vcc (5.0 V) to Vpp (12.0 V) DC/DC 


CONVERTER 


A monolithic 
DC/DC convertor 
from Valor Electronics, 


the PM9006, is appropriate 
forthe digital world to supply 


the 12.0 V +0.6 V Vpp voltage. The Vpp voltage is gener- 
ated on chip using the standard system Vcc (5.0 V) volt- 
age. Standard 
TTL commands 
are used to disable the 


12.0 V output 
supply 
when 
programming 
or erasing 


operations 
are not 
intended. 
The enable 
(E) function 


provides absolute write protection 
to guarantee 
against 
inadvertent 
program 
or erasure. 
Flash 
memory 
con- 


tentscannot 
be altered 
without 
the active 
12.0 V Vpp 


supply. The enable pin also saves system power when 
DC/DC convertor 
is not required. 
The PM9006 
has a 


minimum 
efficiency 
of 50% at full load. The 
PM9006 


comes in a 24-pin package. 


External Vpp 
1 ·Co"",,,", 


R = 10Kn 


The Valor PM9006 provides 
a controlled 
12.0 V output 


that is regulated 
within the +5% (+0.6 V) Vpp specifica- 
tion. The standard 
system 
Vcc (5.0 V) supply 
is con- 
verted 
to 
the 
Vpp (12.0 
V) 
supply 
by 
the 
DC/DC 


convertor. 
The voltage transitions 
are smooth and pro- 


tect against destructive 
positive or negative overshoot. 


The PM9006 can supply 165 mA of current at the regu- 
lated 12.0 V +0.6 V output. The 5.0 V +0.5 V DC input 
supply of the DC/DC convertor 
uses a maximum 
of 840 


mA of input current. 
The Am28F010 
specifies 
a maxi- 


mum Vpp current of 30 mA for either the erase or pro- 
gram 
operations. 
Actual 
current 
required 
for 
these 
operations 
is substantially 
lower than this. Given the 


maximum 
Vpp current of 30 mA for each device, four(4) 


Am28F010 
may be programmed 
and erased in parallel 


with one PM9006 device. The PM9006 Vpp supply cur- 
rent = 165 mA - 4 x 30 mA of Vpp current required forthe 
Flash memory array = 45 mA of additional 
current avail- 


able from the DC/DC convertor. 


Parallel programming 
and erasure 
allows for the most 
efficient method to reprogram 
x16 or x32-bit data words. 


Refer to the previous 
application 
note for parallel 
pro- 


gram and erasue flow charts. 


Board 
Level 
Resets 


System 
designs 
should 
not allow the Flash device 
to 


perform any programming 
or erase operations 
when the 


CPU does not have control of the Flash device. 
Some 


designs 
incorporate 
board level reset circuitry that sus- 


pends operation of the local CPU if the Vcc level falls be- 
Iowa predetermined 
value (such as 4.6 V). If this is the 
case, the 
reset circuitry 
should 
also disable 
the Vpp 


power supply whenever 
the CPU is held in reset. 


If the local CPU is forced into reset mode while it is pro- 
gramming 
or erasing the Flash device, the system reset 


circuit should also terminate 
that operation. 
To accom- 


plish this, the PM9006's 
enable 
pin should 
be driven 


high whenever 
the reset circuitry is active. Drive the chip 


enable pin of the PM9006 with the logical OR of the reset 
circuit's output signal and the chip enable control line to 
the PM9006. This will disable the Vpp supply and hence 
terminate 
any programming 
or erase 
operation. 
The 
5V 


+ 10~F 
r 
L1 
150~H 


VIN 
Vsw 


LT1072 


1~F 
FB 


Vpp 
Vc 
GND 


Command 


270K 
R3 
1K 


C2 1~F 


Flash 
device 
automatically 
resets 
to the 
read 
mode 


when Vpp is disabled. 


Vpp Output 
200 mA MAX 


¥pp Out 


12.0 V 


Resistor 
Tolerance 


1% 


R1 


10.7K 


R2 


1.24K 


Note: 


The circuit of Figure 2 will not spuriously overshoot during power-up or power-down. This prevents destruction of the device due to voltages that 
exceed specification. Vpp outputs are predictable and controllable during power supply transitions as a result of the referenced circuit designs. 
The compensation of the LTt 072 causes a very overdamped pulse response. In addition, the control loops of the circuit are functioning even at 
low supply voltages. Thus the control loop is active before the memory circuits settle and prevents uncontrolled Vpp pulse outputs. 


Please reference 
the PM9006 data sheet for complete 


details of device operation. 
One method of implement- 
ing the PM9006 
DC/DC convertor 
is illustrated 
below. 


1 
11 
VppOut 


+5 V 
V+ 
24 
Valor 
14 
+5 V 
V+ 
PM9006 
10 
C1l 


V- 
15 
GND GND 
E 
V- 
12 13 
2 


Note: 
- 


Pins 3 through 
9 and 
16 through 
23 are not internally 
connected 
to the device 
and do not need to be driven. 


4. PUMP 5 V TO VppVOLTAGE WITH 


ANALOG CIRCUITRY 


Flash memories 
require a Vpp voltage of 12.0 ¥ +0.6 ¥. 


It is important 
to note that Vpp voltage 
must be main- 


tained within the device specification 
for reliable opera- 
tion. Vpp voltages 
that exceed 
14 V for 20 ns or longer 


are likely to destroy the device. Thus, we need to care- 
fully control 
the high voltage 
programming 
circuitry. 
It 


should be noted that proper design of the VPp circuitry 
eliminates the issues of device destruction 
due to appli- 


cation 
of voltages 
outside 
of the specified 
operating 


range. In addition, it is preferable 
to control the ¥pp volt- 


age with a 5.0 V logic command. 
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The Starter Kit: 
VppGeneration and 


Control 


The basic 
circuit 
described 
in Pigure 
2 satisfies 
just 


about 
all Vpp requirements 
for Flash memories. 
High 


voltage 
is produced 
by driving the Vpp command 
low. 


The low Vpp command 
(Trace A, Figure 3) activates the 


LT1 072 switching 
regulator to drive L1. The resistor net- 
work of R1 and R2 provides 
the DC feedback. 
C1, R3 


and C2 control the AC roll-off. Trace B illustrates the re- 
sulting 
Vpp voltage 
that rises smoothly 
to the required 


level. The values 
specified 
for R1 and R2 determine 


the12.0 V output. Leave the 5.6 V zener in the circuit in 
order to return the output to 0 V when the Vpp command 
goes high. When a 4.5 V minimum output is desired the 
zener 
may be omitted. 
Circuit 
trimming 
requirements 


are eliminated 
due to the tight internal references 
of the 


LT1 072. Only precision 
resistors 
a~e required. 


The table 
in Figure 4 gives 
additional 
information 
re- 


quired to provide 
greater 
power output from the refer- 


enced circuit. The synchronous 
switch option of Figure 4 


may 
replace 
the 
zener 
and 
eliminate 
its 
power 


dissipation. 


Figure 
3. Waveforms 
for Basic 
Flash 
Programming 
Supply 


MJE370 


To MUR120 
Cathod~ 


To +5 V 
680 


Output 
Current 
COUT 
Regulator 
Inductor 
Zener 


400mA 
200 ~F 
LT1071 
PE-52645 
1N5339A 
or 
Synchronous 
Switch Ootion 


aOOmA 
400 ~F 
LT1070 
PE-51516 
1N5339A 
or 
Synchronous 
Switch Option 


Figure 82. Rings at Destructive 
Voltages 
After a 


PC Trace 
Run 


Note: 


Short Circuit Recovery for Poorly (Figured 83) and Properly (Figure 84) Designed Connections. Figure 83's Overshoot 
on Recovery Can Cause Memory Chip Failures 
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Transmission Line Effects of Printed 
Circuit Board Traces on Vpp Voltages 


One might ask: 
"Why not use a simple low resistance 


FET to switch the output of the switching regulator when 
its level is correctly set?" This sounds good - too good. 


In r~allife, 
the printed circuit board traces exhibit trans- 


mission 
line effects. 
Voltages 
seen at the memory de- 


vice's 
pins are not the same 
as at the output 
of the 


regulator. Overshoots 
result at the junction of the printed 


circuit board trace and device pins. Thus voltages 
may 


exceed 
device 
specifications. 
This 
concern 
is com- 


pounded 
since the Vpp supply voltages 
are unusually 


close to the device's 
absolute 
maximum 
limit of 14V. 


Figure B1 illustrates 
an ideal Vpp pulse seen at the out- 


put lef a simple low loss transistor 
that is switching 
the 


power 
supply. 
No overshoot 
is observed 
and the Vpp 


pU.I~e settles 
quickly. 
The 
same 
output 
is measured 


(Figure B2) at the memory device pins after running the 
printed circuit board trace. 


Because of mismatching, 
the PCB trace appears as an 


unterminated 
transmission 
line. 
Ringing 
can 
exceed 


20V because 
of reflections 
at the junction 
of the PC 


trace and device pin. This condition 
is obviously 
detri- 


memtal to the device. The negative overshoot 
occurring 


on the falling 
edge of the Vpp 
transition 
may cause 


equally destructive 
negative voltages at the device pins. 


Properly 
controlled 
Vpp rise time prevents 
this type of 


overshoot. 
The closed 
loop circuits 
discussed 
earlier 


eliminate overshoot 
through controlled 
edge timings. 
In 


addition, the referenced 
circuits protect the Vpp genera- 


tor against short circuit damage which also protects the 
memory device. 


The Vpp output recovery when the diode is removed 
is 


shown in Figure B3. Contrast this with Figure B4. Here 
the diode is in place and the Vpp recovery 
is smooth. 


Similar 
considerations 
apply 
during 
power-up/down. 


During application 
or removal of power, the Vpp genera- 


tor must not produce 
spurious 
output pulses. 


Vpp outputs are predictable 
and controllable 
during tran- 


sient power supply considerations 
as a result of the ref- 


erenced 
circuit 
designs. 
The 
compensation 
of 
the 


LT1 072 causes a very overdamped 
pulse response. 
In 


addition, 
the control 
loops of the circuit are functioning 


even at low supply voltages. Thus the control loop is ac- 
tive before the memory 
circuits 
settle and prevent 
un- 


controlled 
Vpp pulse outputs. 


Note: 
The above circuitry is designed for maximum 
sys- 


tem protection. 
Should you desire to modify any circuity, 


It 
IS adVisable 
to 
contact 
Jim 
Williams 
of 
Linear 


Technology. 


This Document 
was adapted from Linear Technology's 
Application 
Note 31 "Linear Circuits for Digital Sytems: Some 
Affable Analogs 
for DIgItal Devotees," 
written by Jim Williams, February, 
1989. 


THIN SMALL OUTLINE PACKAGE (TSOP) DESCRIPTION 
AMD presents the Thin Small Outline Package. The TSoP 
is the industry's leading edge 


plastic, surface mountable memory package today. System requirements 
for higher 


density and smaller form fit memory arrays are driving this package evolution. TSoP 
offers a form fit close to that of bare die yet provides the added benefit of being shipped 
from the factory completely tested, something not available with bare die. This increases 
system yield because there is no loss due to clean room assembly related defects and/or 
parametric 
failures. 


Primary Characteristics 


• 
JEDEC/EIAJ 
standard dimensions 
and 32-pin pinout 


• 
Standard and reverse pinout options 


• 
Maximum package thickness of 1.20 mm 


This is AMD's initial offering in state of the art small form fit packaging. The 32-pin 
package is available in the 8 mm x 20 mm x 1.20 mm package outline. As densities 
increase, package leadcount will also. 
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Figure 1-1 
28F010 
128K x 8 Flash Memory in 32 Lead TSOP 


A11 
10 
32 
OE 
A9 
2 
31 
A10 
A8 
3 
30 
CE 
A13 
4 
29 
07 
A14 
5 
28 
06 
NC 
6 
27 
05 
WE 
7 
26 
04 
Vcc 
8 
25 
03 
Vpp 
9 
24 
Vss 
A16 
10 
23 
02 
A15 
11 
22 
01 
A12 
12 
21 
00 
A7 
13 
20 
AD 
A6 
14 
19 
A1 
AS 
15 
18 
A2 
A4 
16 
17 
A3 


28F010 Standard 
Pinout 


OE 
1\7 
32 
A11 
A10 
2 
31 
A9 
CE 
3 
30 
A8 
07 
4 
29 
A13 
06 
5 
28 
A14 
05 
6 
27 
NC 
04 
7 
26 
WE 
03 
8 
25 
Vcc 
Vss 
9 
24 
Vpp 
02 
10 
23 
A16 
01 
11 
22 
A15 
00 
12 
21 
A12 
AO 
13 
20 
A7 
A1 
14 
19 
A6 
A2 
15 
18 
AS 
A3 
16 
17 
A4 


28F010 Reverse 
Pinout 
11796C-l 


Packaging Evolution 


The 
continuing 
trend 
toward 
smaller 
systems 
and/or 
higher 
density 
memory 
arrays 
has 
led to a significant 
evolution 
in newer 
small 
form 
fit packaging. 
This 
trend 
is outlined 
below. 


Computers: 


Disk drives: 


Desktop 


3-1/2" 


Notebook 


2-1/2"/Flash 
"Disk" 


Portable 


Palmtop 


Flash "Disk" 


Handheld 


Package 
Type 


PDIP (100 mil Pitch) 
Slim DIP (100 mil Pitch) 
ZIP (100 mil Pitch) 
SOIC/SOJ 
(50 mil Pitch) 
PLCC (50 mil Pitch) 
TSOP (20 mil Pitch) 


Package 
Volume 
(cubic 
inches) 
0.18 
0.09 
0.072 
0.075 
0.045 
0.01 


The TSOP is not only suited for standard printed circuit board and Single In-line Memory 
Module (SIMM) applications, 
but is the package of choice in the exploding new growth 
area of solid state memory cards. 


TSOP packaging is well suited to high density, small form fit systems. This latest 
evolution offers significant packaging volume savings in comparison 
with the above 
alternatives. 
Increasingly, TSOP is being used in disk drive controller boards, notebook 
and palm top PCs, high density memory subsystems. 
and PCMCIA 68-pin standard 
memory cards. This is just the beginning. 


An emerging market segment with explosive growth is the PCMCIA 68-pin memory card 
standard. The TSOP can be used to pack both sides of a memory board in order to 
increase the memory density available within a given space constraint. 
In addition, the 
TSOP packaged devices are tested to AMO's standard test flows. This allows AMO to 
guarantee the highest level of quality and long term reliability. 


Minimal Space Requirements 
In addition to the TSOP's low height profile. maximum board space saving is achieved 
with the dual-in-line 
and standard/reverse 
pinouts. Board layers can be reduced 
because traces are routed under the two sides of the package that do not have leads. 
This allows packages to be mounted side by side and end to end. Packages can be 
mounted end to end because AMO offers both standard and mirror image reverse pinout 
packages (see Figure 1-1). All pins except chip enable pins can be connected in 
parallel. This is accomplished 
by using standard and reverse pinout packages in an 
alternating sequence as in Figure 1-2. 


HANDLING AND SHIPPING 


Shipping Trays 
AMO's 32-pin TSOP are shipped in high temperature 
resistance trays (max. 150°C) 
having 156 positions per tray. The trays are in compliance with standard JEOEC 
outlines. JEOEC trays all have the same outside dimensions 
for easy stacking for use in 
manufacturing 
and storage. Trays are designed to prevent TSOP leads from touching 
any part of the holding tub. 
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o = Pin 1 indicator for standard bend pinout 
6.= Pin 1 indicator for reverse bend pinout 


TSOP Cross-Section 
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"For the standard form/pin-out, the pin one is a round dimple. For the reverse form/pin-out, an inverted triangle will be 
marked here indicating pin one. 
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he non-volatile memory mar- 
ket, long the bastion of the 
UV EPROM, 
has been fis- 
sured with the recent emer- 
gence 
of in-system 
repro- 
granunable 
flash 
memories 
as a viable technology. 
To- 


day, both EPROMs and flash 
memories 
coexist 
and they 
will continue 
to run parallel 
paths, 
with 
the 
choice 
of 
technology influenced by the 
requirements 
of 
the 
end 
product. 


Flash memories were born 
of 
the 
marriage 
between 
EPROM 
and E'PROM 
devices. 
Flash in- 
corporates 
the same programming capabili- 
ty as an EPROM with the added benefit of 
E'PROM-Iike 
electrical 
erasability, 
so it 
can be reprogrammed 
without removing it 
from the circuit board. Ths makes flash an 
ideal choice for applications that require in- 
system reprogranunability. 
While the same 
benefit 
can 
be 
obtained 
from 
either 
E'PROM 
or battery-backed 
SRAM, flash 
memories 
are less expensive 
than both. 


In light of the projected rapid growth in 
demand for flash, the product-development 
plans 
announced 
by the 
ever-increasing 
nwnber 
of vendors, 
and the recent public 
announcements 
by some large vendors-- 


who have stated 
that their strategy 
is to 


"de-emphasize" 
EPROMs in favor of flash 
memories--the 
future of EPROMs has be- 
come unclear. Ths has caused some confu- 
sion in the memory marketplace. 
Technical 
factors such as scalability, die cost, erasure 
and package 
considerations--as 
well as 


market-based 
factors such as demand, ap- 
plications and features--factor 
into the de- 
cisions to build and use either EPROM or 
flash products. 
EPROMs and flash memories will coex- 
ist with the choice of technology influenced 
by the requirements 
of the end product as 
used by the customer. 
While some vendors 
have stated that flash memories 
are more 
scalable than EPROMs with the addition of 
double-layer 
metal, even down at 0.5-mi- 
cron geometries, 
Advanced Micro Devices 
Inc. sees no need for multilayer metal for 
EPROMs. 
AMD's single-layer 
metal pro- 
cess for EPROMs 
using 0.5-micron 
tech- 
nology not only will provide the high densi- 
ty-up 
to the 16-Mbit level-but 
is also 
capable of generating 
the smallest die size 
and highest performance 
in the industry. 
It is a fact that, at the same density, the . 


flash-memory 
die is more expensive 
than 
an EPROM because it has the slightly larg- 
er cell size required to support high endur- 
ante. Also, the flash process complexity is 
greater 
due to additional masking steps, 
and it requires longer test times to perform 
electrical erasure in the tester, 
as opposed 
to UV-erase 
in an oven. 
Flash pricing today remains at a multiple 
of EPROM. 
However, 
flash pricing will 
continue to drop until it settles at around a 
20 percent 
to 30 percent 
premiwn over a 
comparable 
EPROM. 
Memory 
designers 
are not going to increase the cost of their 
systems by using flash when there is no need 
for future reprogramming. In these designs, 
reprogrammability does not represent 
value 
to the customer. 
Consequently, 
flash tech- 


nology will not ubiquitously replace 
OTP 
EPROM designs. 


The market's 
demand for various price! 
performance products supports the coexis- 
tence of both EPROM and flash technology. 
There is no question that flash technol- 
ogy has already reserved 
a bright spot in 
the history 
of non-volatile 
memories. 
In 
some 
designs, 
however, 
EPROM 
and 
flash memories 
can coexist 
comfortably. 


Laser-printer 
designs are becoming com- 
modity-oriented 
items. 
Memory-design 
requirements 
are dictated 
by the pages- 
per-minute 
output 
of the printer. 
Mem- 
ory designers 
can make 
a trade-off 
be- 
tween 
designing 
interleaved 
systems 
with 
slowerlless 
expensive 
devices 
or 
non-interleaved 
systems 
using 
faster! 
higher-cost 
devices. 
The 
software 
re- 
quirements 
for these 
systems 
are 
also 
fairly 
straightforward. 
Firmware 
that 
typically does not change 
in this system 
are the PCL-5 and/or 
Postscript 
engIne- 
control 
codes. 
In addition, 
the 
code 
for font 
types 
does 
not typically 
change. 
The 
density 
requirements 
for this code range from 2 
to 4 Mbytes 
of storage, 
depending 
on the 
font types 
available 
and the 
number 
of 
scaling 
options. 
EPROMs 
instead 
of 
ROMs are used 
to provide 
manufactur- 


ing flexibility. 
The 
EPROMs 
are 
pro- 
grammed 
just-in-time, 
depending 
on 
the 
printer 
engine 
and 
font 
options 
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Choosing flash or EPROM 


Continued 
required 
for that day's manufac- 
turing run. Flash memory is then 
incorporated 
as an option that al- 
lows end users 
to store custom- 


ized fonts or screen images in the 
printer. Ths eliminates the repet- 
itive delay associated 
with trans- 


ferring the bit-map-generated 
im- 
ages between 
the computer 
and 


printer. 
This decrease 
in produc- 


tivity is eliminated when the code 


is resident 
on the printer in flash 
memory, 
a clear 
example 
of a 
very high-volume product that re- 
quires both high-density EPROM 
and flash-memory 
devices. 


Each technology is employed to 
take 
advantage 
of its strengths. 


OTP 
EPROMs 
are 
used in the 
most cost -sensitive portion of the 
memory system 
where the code 
typically does not change once the 


system is shipped. OTP EPROMs 
also allow for smooth transitions 
between 
manufacturing runs that 


incorporate 
different 
printer 
en- 


gines and/or font type options. 


The higher-priced flash devices 


provide customers 
with the ability 


to personalize their systems. 
The 


value of this functionality 
more 


than offsets the incremental 
cost 


of the devices. 
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dding value such as easy repro- 


grammabilityto a cellularcommunicationssystem 
""" 
bring 
about 
another 
market 
surge 
in this 


popular 
technology. 
It is a given 
that 
ceUuIar 


phones 
aUow people to make more efficient use of 


their 
driving 
time. 
However, 
if a user 
wants 
to 


cbangle ceUuIar carrier companies for more com- 
petitiye rates and/or features or move to an area 
not covered by hislher current carrier I the ceDu· 
Iar pbone 
must 
be reprogrammed 
at a ceUuIar 


service service center. a procedure that can 
cause many hours of unproductive phone down- 
lime. 
The use of Flash memory in cellular phones 
can speed 
up that update 
process. 
For example. 


a customer who doesn't have the use of Flash 
memory who decides to change cellular has to 
bring his phone to the shop, where the phone is 
disassembled to remove and replace the old 
EPROM 
with a newly programmed 
device, 
then 


reassembled and, fInally, reinstalled in the car. 
This is a time-consuming process and involves 
the expense of new components. The total cost 
includes the labor costs associated with manual· 
ly chflnging code that is typically stored in 
EPR9M and the lost productivity that occurs 
when the customer's phone is unavailable. 
Remote memory updates with a Flash mem· 
ory·based system are more cost-effective than 
any other non-volatile memory system. The 
piece-part price of Flash memories is greater 
than 
EPROM- 
and 
ROM-based 
memories. 
However, the cost of updating memory con· 
tents 
in a remote 
memory system 
that is 


EPROM- 
and 
ROM-based 
is orders 
of magni- 
tude more costly than perfonning remote up- 
dates on a Flash memory·based system. This 
cost difference is driven primarily by the cost of 
the 
labor 
required 
to 
update 
firmware 
in 


EPROM- 
and 
ROM-based 
systems. 
1be Flash memory·based system evolves to 
one that employs a combinationof both Flash and 
other non·volatile memory alternatives. Over 
time, more and more of a system's firmware 
beco~es stable and does not require future up· 
datesl This usuallyin~ludesthe basicstructure of 
the 
fumware 
program 
but 
not 
the 
specialized 


subroutines it may call. 
At this point, a lower·cost memory system is 
implemented 
with 
a combination 
of Flash 
and 


other non·volatile memory. 1lte Flash memory 


stores those portions of code 
that many 
change 
in the future. 


Subroutines 
that aUow the bast 
system 
to inler3cl 
with other 
re- 


mote external systems are exam- 
ples of code segments 
that may be 
periodicaUy 
updated. 
The 
>her- 
nale non-volatile 
memory 
devices 
store 
the 
main 
structure 
of the 
firmware 
that remains 
stable. 
In fact, Flash memories offer 
benefits 
throughout 
the 
entire 
cellular corrununicationssystem, 
which is comprised of the main 
switchingequipment, the site re- 
lay, and the phones 
themselves 
(see 
figure). 


The 
main 
cellular 
switching 
equipment 


serves as a linkbetween the telephone network 
system to provide access for the customer. The - 
switch equipment acts as a"controller for the 
cellular relays, which convert the RF phone 
signals to analog. The relays also employ trans- 
ceivers to send and receive the phone corrunu- 
nications. The main system switch monitors its 
network of relays and determines call place- 
ment and routing. 


The cellular switching equipment is responsi- 


ble for cormecting calls into the telephone net- 
work system and for monitoring and controlling 
its cellularrelays. The switches contain the rout- 
ing algoritluns for caUplacement. These algo- 
rithms take into account the traffic load of the 
cellularsites and the geographic terrain that may 
affect relay of the transmitted signals. The main 
switchingequipment also keeps track of custom- 
er databases, which maintaina fileof phone ser- 
vice features that are active for each customer. 
Among these features are call waiting, call for- 
warding, and voice mail. 


The cellular phone itself contains the basic 
communication techniques between the phone 
and the cellular relays, the system parameters 
that allow communication with the customer's 
specific cellular carrier. 
The caller's 
phone 
number is also contained within the phone in 
order to identify which customer is accessing 
the system and which features should be acti- 
vated. The Digital Tone Modulated Frequency 
(DTMF) parameters are also stored in order to 
allow for automated touch-tone functions such 
as voice mail. 


Another application for Flash memories in a 


cellular corrununicationssystem is the customer 
database, which resides in another part of the 
switchingequipment's memory system. Custom· 
er databases may be set up as a file structure in 
the Flash memory space. Each customer filemay 
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consist of multiplebytes of address space. Multi- 
ple account files may reside on a single Flash 
device 
by 
maintaining 
files 
that 
have 
an 
I. D. 


associated with each customer's account (i.e., 
the customer's phone number). 


This link allows the system to access each 
user's 
file during a call to determine 
which 


phone service features the customer is entitled 
to use. Separate codes may exist for both the 
activation and deactivation of particular service 
features (i.e., call waiting). An activated ser- 
vice feature may be canceled by adding the 
deactivation code to the customer's me. Before 
establishing the phone connection, the system 
scans the customer me to look for active ser- 
vice features and to check if any features have 
been canceled. 


Today each cellular phone model must be 


uniquely programmed at the dealer's installation 
site. 
Typically, these 
phones 
use 
socketed 
EPROMs. 
The instaUation 
department 
programs 


these 
EPROMs 
with appropriate 
system 
param- 


eters 
and 
DTMF 
codes 
to 
function 
with 
the 


specific carrier chosen. 


By contrast, when the user wants to change 
carriers 
or moves to a town outside of his 


current service area, hislher phone must be 
reprogrammed at a cellular service center. 


Flash memories offer an innovative solution 


to the inconvenience of bringing in your car 
phone in order to change carriers or when you 
move from one cellular service area to an- 
other., Flash memories, which are electrically 
programmable in-system, allow code changes 
to be performed by transferring data over the 
cellular network. 


For instance, a user could schedule his/her 


phone to be reprogrammed during a morning 
commute. The cellular service station then dials 
the user's 
phone to establish a data link for 
transmitting data, thus optimizingthe inherent 
comrrnmicatioos 
capability of the ceUular system .• 
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Flash wideDs scope lor code storage 


F 


lash 
memory 
has 
revolutionised 
how 


designers 
think 


about 
storing 
control 
code 
in computers, 
peripherals 
and 
communications 
de- 
vices. 
In-system 
re-pro- 
grammability, 
low voltage 
and high speed help design 
objectives 
to be met 
in a 
wide 
range 
of micropro- 


cessor 
and 
microcon- 


troller-based 
products. 
It has become 
the 
preferred 
choice 
where 
any of the fol- 
lowing 
is true; 
-the 
control 
code is not stable 
or is in 


the prototyping 
stage; 


-a 
standard 
diagnostic 
test is used dur- 


ing testing 
and end-user 
code 
is re- 


programmed 
into the device 
only 
at 


the final assembly 
stage; 


---the 
code 
could 
potentially 
be altered 


in-system, 
due 
to 
code 
revisions, 
customisation 
by the end user or the 
systems 
being 
dynamically 
self- 
configuring; 


---there 
is a standard 
hardware 
platform 


and customer-specific 
code across the 
product 
line. 


Features 
which 
add 
value 
include 
in-system 
re-programmability, 
SV only 
operation, 
sector 
erase 
with 
protection 


and high reliability. 


In-system 
re-programmable 
code has 
several 
advantages 
including 
time 
to 
market and improved 
manufacturing 
and 


inventory 
efficiencies, 
with 
improved 


flexibility 
for the end-user. 
Not only has 


the 
12V requirement 
been 
eliminated, 


but the devices 
will tolerate 
±IOpercent 
on the SV Vcc. Typical erase sector sizes 
now range from 8k to 64kBytes; 
per-sec- 


tor protection 
allows 
protection 
of boot 


code 
from 
inadvertent 
erasure, 
and can 


eliminate 
a separate 
boot ROM. 
Where 
hardware 
and 
software 


development 
takes place 
in parallel, 
the 
hardware 
can. be developed 
with 
early 
version 
software 
and re-Ioaded 
with later 


versions 
as the project progresses, 
easing 


the path of both and removing 
the need 


to remove 
sOl'keted 
UVPROM 
or con- 


ventional 
EPROM 
for reprogramming, 
scrap early production 
boards 
or rework 


them. 
Once 
the code 
is finally 
stable 
it 


can 
be switched 
into OTP 
EPROM 
or 


even mask ROM to reduce costs without 


on-chip 
state 
machine 
to 


control 
program 
and erase; 


with this on-chip 
a minimu- 
m 
amount 
of 
assembly 


code 
must 
be 'written 
to 


program 
and 
erase 
the 


device 
compared 
to earlier 
generation 
devices. 
Mis- 


implementation 
of 
first 


generation 
manual 
flash 
algorithms 
is in fact 
the 


cause 
of most 
flash device 


problems. 
The two most common 
specif- 


ic errors were mis-implementation 
of the 


timing 
algorithms 
and skipping 
the pre- 


programming 
step 
in the 
crase 
algo- 
rithm. 
With the software 
on the silicon, 


both of these issues and many other have 
been resolved. 
Endurance 
is 
also 
an 
important 
measure 
of reliability; 
endurance 
is the 
number 
of erase cycles that a device 
can 


withstand. 
This 
has 
been 
raised 
from 


1000 to the present 
10 000 cycles 
with a 


failure 
rate 
of 
O.Spercent. 
The 
most 
advanced 
devices 
now achieve 
100 000 
erase 
cycles; 
devices 
supplied 
with the 
"Embedded 
Program" 
and "Embedded 


Erase" 
algorithms 
offer 
a minimum 
of 


100 000 write cycles 
at a failure 
rate of 


0.3percent. 


With these devices 
the failure 
rate is 


linear 
ie the failure 
mechanism 
is ran- 


dom and equally 
likely 
to occur 
at any 


time 
in the 
life 
of the 
device; 
so the 


equivalent 
failure 
rate at 10 000 cycles 
can be expressed 
as 0.03percent, 
or some 


17 
times 
better 
than 
the 
previous 
standard 
10 
OOOcycle 
endurance. 


Additionally, 
the embedded 
algorithms 


detect 
and correct 
soft errors 
caused 
by 


over-erased 
bits. 
In a population 
of equipments 
with 
equivalent 
numbers 
of flash devices, 
the 


use of this new generation 
of devices- 


again, because 
the failure rate is linear- 


will 
result 
in 
a direct 
reduction 
of 


product 
returns 
by the same factor of 17. 


Flash memory 
should 
still not be used 
in all systems, 
as there 
are still 
trade- 
offs; 
but 
in most 
instances 
designers 


have to make fewer sacrifices 
when flash 


is used for control 
code storage. 


Comparison of the EPROM Cell and the Flash Memory Cell 
IControl gate I 
IControl gate I 
Interpoly ;:::===::; 
Interpoly ~ 
__ 
~ 
dielectric IFIoeting galel 
dielectric Ifloating gatel 


Tunnel oxide 


~ 


P Substrate 


EPROM 
Cell 


interrupting 
production. 
lOOpercent 
testing 
can be carried 
out 
with 
diagnostic 
code, 
replaced 
before 


shipping 
with the final functional 
code; 


reliability 
monitoring 
is also assisted 
in 
this way. 
Standard 
hardware 
units 
can be cus- 


tomised 
for different 
markets, 
reducing 
inventory 
costs; 
cellular 
phones 
semi- 


customised 
with 
flITDware for different 


countries 
is an example 
of this approach. 
End-users 
can re-configure 
the code, 
to 


add features 
or update 
to a later version 


of the complete 
code. PC BIOS is a case 


in point, 
where 
new 
PCMCIA 
socket 


services, 
VGA commands 
and advanced 
power 
management 
can all be included 


as BIOS extensions. 


Reliability 
High 
reliability 
is essential 
in micro- 
controller-based 
products 
due to the high 


cost of field failures 
and their effect 
on 
the manufacturer's 
reputation. 
The latest 


flash 
memory 
devices 
can 
provide 
the 
required 
degree 
of reliability. 
As shown 


in Fig. I, the memory 
cell of the industry 


standard 
single 
transistor 
NOR-type 


flash device 
is nearly identical 
in design 


and 
processing 
to the cell 
on mature 


UV 
EPROM 
products, 
with 
only 
two 
differences; 
-the 
flash cell uses a graded double dif- 
fusion on the source; 
-and 
has a thinner 
tunnel 
oxide, 
about 
100Angstroms 
(against 
ISO Ang- 


stroms for the EPROM 
cell). 
Double 
diffusion 
on the source 
and a 
thinner 
tunnel 
oxide 
help 
Fowler- 
Nordheim 
tunneling 
during 
erase. 
A 


great 
deal 
of reliability 
data 
exists 
on 


EPROM 
cell technology, 
including 
veri- 
fied 
data 
retention 
of a minimum 
of 
lOyears at ISOC and 20years 
at 12SC. 


The most advanced 
flash chips use an 


Patrick 
Henry 
is 
Product 
Marketing 


Manager with AMD in Sunnyvale; in the UK 
call 0483 740440. 


Copyright© 
1994 by CMP Publications, 
Inc. 


Reprinted 
from 
Electronic 
Product 
Design 
with Permission. 


II!m!II 
5 
FLASH MEMORY PC CARDS 


AmC001AFLKA 
1 Megabyte 
Flash Memory 
PC Card 
5-3 


AmC002AFLKA 
2 Megabyte 
Flash Memory 
PC Card 
5-7 


AmC004AFLKA 
4 Megabyte 
Flash Memory 
PC Card. 
. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
5-11 


AmC001BFLKA 
1 Megabyte 
Flash Memory 
PC Card 
5-15 


AmC002BFLKA 
2 Megabyte 
Flash Memory 
PC Card 
5-19 


C Series. 5.0 Volt-only 
Flash Memory 
PC Card 
5-23 


~ 
AMD 


- 
~ 
Advanced 
Micro 
Devices 
AmC001 AFLKA 


1 Megabyte 
12.0 Volt Flash Memory PC Card 


• High performance 
• Automated 
write 
and erase operations 
- 
250 ns maximum 
access time 
(increases 
system 
write 
performance) 
• CMOS low power 
consumption 
- 
128K byte memory segment 


- 
25 mA typical active current (X8) 
- 
Typically 
<1 second per single memory 


- 
400 ~ 
typical standby current 
segment erase 
• PCMCIAlJEIDA 
58-pin 
standard 
- 
Random address writes to previously 


- 
Selectable 
byte or word-wide 
erased bytes (10 l!s typical per by1e) 


configuration 
• Total 
system 
Integration 
solution 
• frite 
protect 
switch 
- 
Support from independent 
software 
and 
hardware 
vendors 
- 
Prevents 
accidental 
data loss 
• High re-programmable 
endurance 
• Insertion 
and removal 
force 
- 
State of art connector 
allows for minimum 
card 
- 
Minimum 
100,000 erase/write 
cycles 
insertion and removal effort 
• Zero data retention 
power 
• Write 
and erase voltage, 
12.0 V ± 5% 
- 
Batteries 
not required for data storage 
• Read voltage, 
5 V ± 5% 
• Separate 
attribute 
memory 
- 
512 by1e EEPROM 
• Manufactured 
by Berg Electronics 


GENERAL DESCRIPTION 


AMD's 
Flash 
Memory 
PC Card provides 
the highest 
system level performance 
for data and file storage solu- 
tion~ to the portable 
PC market segment. 
Data files and 
application 
programs 
can 
be 
stored 
on 
the 
AmC001AFLKA. 
This 
allows 
OEM 
manufacturers 
of 
portable system to eliminate the weight, extreme power 
consumption 
and 
reliability 
issues 
associated 
with 
electro-mechanical 
disk-based 
systems. 
The 
AmC001AFLKA 
also allows 
today's 
bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline 
batteries 
are required 
for total 
system operation. 
AM D's Flash Memory 
PC Cards pro- 


vide the most efficient 
method 
to transfer 
useful work 
between 
different 
hardware 
platforms. 
The 
enabling 
technology 
of the AmC001 AFLKA 
enhances 
the pro- 
ductivity 
of mobile workers. 


Widespread 
acceptance 
of the AmC001AFLKA 
is as- 
sured due to its compatibility 
with the 58-pin PCMCIAI 


JEIDA 
international 
standard. 
AMD's 
Flash 
Memory 


Cards can be read in either a byte-wide 
or word-wide 
mode which 
allows for flexible 
integration 
into various 
system platforms. 
Compatibility 
is assured 
at the hard- 
ware interface 
and software 
interchange 
specification. 
The Card 
Information 
Structure 
(CIS) or Metaformat, 


can be written by the OEM at the Memory Card's attrib- 
ute 
memory 
address 
space 
beginning 
at 
address 
OOOOOH by using a format utility. The CIS appears at the 
beginning of the Card's attribute memory space and de- 
fines the low-level organization 
of data on the PC Card. 


The 
AmC001AFLKA 
contains 
a separate 
512 
by1e 
EEPROM 
memory 
for 
the 
card's 
attribute 
memory 
space. This allows all of the Flash Memory to be used for 
the common 
memory space. 


Third party software solutions such as Microsoft's 
Flash 
File System 
(FFS), 
enable 
AMD's 
Flash 
Memory 
PC 
Card to replicate 
the function 
of traditional 
disk-based 
memory systems. 
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Battery 
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Detect 
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Ycc 


Ypp, 


Ao-A'6 
De-D,s 


CE 


WE 
57 


OE 
Yss 
Ycc Ypp2 


Pln# 
Signal 
I/O 
Function 
Pln# 
Signal 
I/O 
Function 


1 
GND 
Ground 
35 
GND 
Ground 


2 
D3 
1/0 
Data Bit 3 
36 
CD1 
0 
Card 
Detect 
(Note 
1) 


3 
D4 
I/O 
Data Bit 4 
37 
Dl1 
I/O 
Data Bit 11 


4 
Ds 
I/O 
Data Bit 5 
38 
D12 
I/O 
Data Bit 12 


5 
Ds 
I/O 
Data Bit 6 
39 
D13 
I/O 
Data 
Bit 13 


6 
D7 
I/O 
Data Bit 7 
40 
D'4 
I/O 
Data 
Bit 14 


7 
CE1 
I 
Card Enable 
(Note 
1) 
41 
D,s 
I/O 
Data Bit 15 


8 
Ala 
I 
Address 
Bit 10 
42 
CE2 
I 
Card 
Enable 
2 (Note 
1) 


9 
OE 
I 
Output 
Enable 
43 
NC 
No Connect 


10 
All 
I 
Address 
Bit 11 
44 
NC 
No Connect 


11 
A9 
1 
Address 
Bit 9 
45 
NC 
No Connect 


12 
Aa 
I 
Address 
Bit 8 
46 
An 
I 
Address 
Bit 17 


13 
A13 
I 
Address 
Bit 13 
47 
A1a 
I 
Address 
Bit 18 


14 
A14 
I 
Address 
Bit 14 
48 
A,9 
I 
Address 
Bit 19 


15 
WE 
I 
Write 
Enable 
49 
NC 
No Connect 


16 
NC 
No Connect 
50 
NC 
No Connect 


17 
Vcc 
Power 
Supply 
51 
Vcc 
Power 
Supply 


18 
Vpp1 
Pgm Sply Vltg 1 
52 
Vpp2 
Pgm Sply Vltg 2 


19 
A1s 
Address 
Bit 16 
53 
NC 
No Connect 


20 
A,s 
Address 
Bit 15 
54 
NC 
No Connect 


21 
A12 
Address 
Bit 12 
55 
NC 
No Connect 


22 
A7 
Address 
Bit 7 
56 
NC 
No Connect 


23 
As 
Address 
Bit 6 
57 
NC 
No Connect 


24 
As 
Address 
Bit 5 
58 
NC 
No Connect 


25 
A4 
Address 
Bit 4 
59 
NC 
No Connect 


26 
A3 
Address 
Bit 3 
60 
NC 
No Connect 


27 
A2 
Address 
Bit 2 
61 
REG 
I 
Register 
Select 


28 
A, 
Address 
Bit 1 
62 
BVD2 
0 
Battery 
Vltg Detect 
2 (Note 2) 


29 
Ao 
Address 
Bit 0 
63 
BVDl 
0 
Battery 
Vltg Detect 
1 (Note 2) 


30 
Do 
/0 
Data Bit 0 
64 
Da 
I/O 
Data Bit 8 


31 
D1 
I/O 
Data Bit 1 
65 
D9 
I/O 
Data Bit 9 


32 
D2 
I/O 
Data Bit 2 
66 
DlO 
I/O 
Data Bit 10 


33 
WP 
0 
Write 
Protect 
(Note 
1) 
67 
CD2 
0 
Card 
Detect 


34 
GND 
Ground 
68 
GND 
Ground 


Notes: 


I = Input to card, a = Output 
from card 


I/O = Bi-directional 


NC = No connect 
fn systems 
which switch 
Vcc individually 
to cards. no signal should be directly 
connected 
between 
cards other than ground. 


1. Signal 
must not be connected 
between 
cards 
2. BVO = Internally 
pulled-up 


ORDERING INFORMATION 
Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 
formed 
by a combination 
of: 


OUTPUT 
CONFIGURATION: 
(x161x8) 


MEMORY 
CARD 
DENSITY 
001 = One Megabyte 


~ 
Advanced 
Micro 
Devices 
AmC002AFLKA 


2 Megabyte 
12.0 Volt Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 
• High performance 
• Automated 
Write 
and Erase 
Operations 
- 
250 ns maximum 
access time 
(Increases 
System 
Write 
Performance) 
• CMOS low power 
consumption 
- 
255K byte memory segment 


- 
25 mA typical active current (X8) 
- 
Typically 
<1.5 seconds 
per single memory 


- 
400 lJ.Atypical standby current 
segment erase 
• PCMCIAlJEIDA 
58-pin 
standard 
- 
Random address writes to previously 


- 
Selectable 
byte or word-wide 
erased bytes (141ls typical per byte) 


t configuration 
• Total 
system 
Integration 
solution 
• 
- 
Support from independent 
software 
and 
Write 
protect 
switch 
hardware 
vendors 
- 
Prevents 
accidental 
data loss 
• High re-programmable 
endurance 
• Insertion 
and removal 
force 
- 
State of art connector 
allows for minimum 
card 
- 
Minimum 
100,000 erase/write 
cycles 
insertion 
and removal 
effort 
• Zero data retention 
power 
• Write 
and erase voltage, 
12.0 V ± 5% 
- 
Batteries 
not required for data storage 
• Separate 
attribute 
memory 
• Read voltage, 
5 V ± 5% 


- 
512 byte EEPROM 
• Manufactured 
by Berg Electronics 


GENERAL DESCRIPTION 


AMD's 
Flash 
Memory 
PC Card provides 
the highest 
systerp level performance 
for data and file storage solu- 
tions to the portable 
PC market segment. 
Data files and 
application 
programs 
can 
be 
stored 
on 
the 
AmC002AFLKA. 
This 
allows 
OEM 
manufacturers 
of 
portable system to eliminate the weight, extreme power 
consumption 
and 
reliability 
issues 
associated 
with 
electro-mechanical 
disk-based 
systems. 
The 
AmC002AFLKA 
also allows 
today's 
bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "M" alkaline 
batteries 
are required 
for total 
system operation. 
AMD's Flash Memory PC Cards pro- 
vide the most efficient 
method 
to transfer 
useful work 
between 
different 
hardware 
platforms. 
The 
enabling 
technology 
of the AmC002AFLKA 
enhances 
the pro- 
ductivityof 
mobile workers. 


Widespread 
acceptance 
of the AmC002AFLKA 
is as- 
sured due to its compatibility 
with the 58-pin 
PCMCIN 
JEIDA 
international 
standard. 
AMD's 
Flash 
Memory 


Cards can be read in either a byte-wide 
or word-wide 
mode which 
allows for flexible 
integration 
into various 
system platforms. 
Compatibility 
is assured 
at the hard- 
ware interface 
and software 
interchange 
specification. 


The Card 
Information 
Structure 
(CIS) or Metaformat, 


can be written by the OEM at the Memory Card's attrib- 
ute 
memory 
address 
space 
beginning 
at 
address 
OOOOOH by using a format utility. The CIS appears at the 
beginning 
of the Card's attribute memory space and de- 
fines the low-level organization 
of data on the PC Card. 


The 
AmC002AFLKA 
contains 
a separate 
512 
byte 
EEPROM 
memory 
for 
the 
card's 
attribute 
memory 
space. This allows all of the Flash Memory to be used for 
the common 
memory space. 


Third party software solutions such as Microsoft's 
Flash 
File System 
(FFS), 
enable 
AMD's 
Flash Memory 
PC 
Card to replicate 
the function 
of traditional 
disk-based 
memory systems. 


Publication# 
C17273 
Rev. A 
AmendmentiO 


Issue Date: 
September 
1992 


BLOCK DIAGRAM 
Vcc 


~R 
> 
Do-D,s 
Ds-D15 
R 
WE 
1/0 
00-07 


OE 
Transceivers 
WE 
and 
WP 
Buffers 
DE 


WP 


V~'~d 
Q-'-O 
' 
,, 
, 
• - - - - .'-. 
Write 
Protect 
-=- 
Switch 


Ao 
Ao-A17 


A,-A,g 
Address 
CEHo- 


Buffers 
CEH3 


CE2 
and 
Vcc 
Decoders 
CELo- 
CE, 
CEL3 


R 
R 
1ffi 


A,-Ag 
r-r-- 
I 


Ao 
~ 
Ao-Aa 
00-07 


Attribute 
Memory 
28F020A 
28F020A 


CE2 
8 
Q) 
...-- 
Ao-A17 
00-07 
- 
Ao-A17 
Os-D,s 
r-< 
0 
CE 
CE, TLJ 
- 
CE 
- 
CE 


WE 
50 
WE 
51 


REG 
DE 
DE 


CO, 


Vss 
Vcc V~, 
Vss 
Vcc Voo2 
q 
I I 1 
I I I 


...-- 
Ao-A17 
00-07 
- Ao-A'7 
Os-D,s 
r-< 
- 
CE 
- 
CE 


Card 
Detect 
WE 
52 
WE 
53 


DE 
DE 


Vss 
Vcc V~, 
Vss 
Vcc Voo2 


avo, 
I I T 
I T T 


~ !10K 


Vcc 


Battery 
Voltage 
Detect 


GND 


Vcc 


Vpp, 


Voo2 


Ao-A17 
Os-D,s 


CE 
WE 
57 
DE 
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Pln/# 
Signal 
I/O 
Function 
Pin# 
Signal 
I/O 
Function 


1 
GND 
Ground 
35 
GND 
Ground 


2 
03 
I/O 
Data Bit 3 
36 
CDl 
0 
Card Detect 
(Note 
1) 


3 
04 
I/O 
Data Bit 4 
37 
011 
I/O 
Data Bit 11 


4 
05 
I/O 
Data Bit 5 
38 
012 
VO 
Data Bit 12 


5 
Os 
I/O 
Data Bit6 
39 
013 
110 
Data Bit 13 


6 
07 
I/O 
Data Bit 7 
40 
014 
I/O 
Data 
Bit 14 


7 
CE1 
I 
Card Enable 
(Note 
1) 
41 
015 
I/O 
Data 
Bit 15 


8 
Al0 
I 
Address 
Bit 10 
42 
CE2 
I 
Card Enable 
2 (Note 
1) 


9 
OE 
I 
Output 
Enable 
43 
NC 
No Connect 


10 
All 
I 
Address 
Bit 11 
44 
NC 
No Connect 


11 
A9 
I 
Address 
Bit 9 
45 
NC 
No Connect 


12 
As 
I 
Address 
Bit 8 
46 
All 
I 
Address 
Bit 17 


13 
A13 
I 
Address 
Bit 13 
47 
A1S 
I 
Address 
Bit 18 


14 
A14 
I 
Address 
Bit14 
48 
A19 
I 
Address 
Bit 19 


15 
WE 
I 
Write 
Enable 
49 
A20 
I 
Address 
Bit 20 


16 
NC 
No Connect 
50 
NC 
No Connect 


17 
Vcc 
Power 
Supply 
51 
Vcc 
Power 
Supply 


18 
Vpp1 
Pgm Sply Vltg 1 
52 
Vpp2 
Pgm Sply Vltg 2 


19 
A1S 
Address 
Bit 16 
53 
NC 
No Connect 


20 
A1S 
Address 
Bit 15 
54 
NC 
No Connect 


21 
A12 
Address 
Bit 12 
55 
NC 
No Connect 


22 
A7 
Address 
Bit 7 
56 
NC 
No Connect 


23 
As 
Address 
Bit 6 
57 
NC 
No Connect 


24 
As 
Address 
Bit 5 
58 
NC 
No Connect 


25 
A4 
Address 
Bit 4 
59 
NC 
No Connect 


26 
A3 
Address 
Bit 3 
60 
NC 
No Connect 


27 
A2 
Address 
Bit 2 
61 
REG 
I 
Register 
Select 


28 
A1 
Address 
Bit 1 
62 
BV02 
0 
Battery 
Vltg Detect 
2 (Note 2) 


29 
Ao 
Address 
Bit 0 
63 
BV01 
0 
Battery 
Vltg Detect 
1 (Note 2) 


30 
Do 
/0 
Data Bit 0 
64 
Os 
I/O 
Data Bit 8 


31 
01 
I/O 
Data Bit 1 
65 
09 
I/O 
Data Bit 9 


32 
02 
I/O 
Data Bit2 
66 
DlO 
I/O 
Data Bit 10 


33 
WP 
0 
Write 
Protect 
(Note 
1) 
67 
CO2 
0 
Card Detect 


34 
GND 
Ground 
68 
GND 
Ground 


Notes: 


I = Input to card, 0 = Output 
from card 
I/O = Bi-directional 
Ne = No connect 
In systems 
which 
switch 
Vcc individually 
to cards, 
no signal 
should 
be directly 
connected 
between 
cards 
other 
than 
ground, 
1. Signal 
must not be connected 
between 
cards 


2. avo = Internally 
pulled-up 


ORDERING INFORMATION 
Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 
terred 
by a combination 
of: 


OUTPUT 
CONFIGURATION: 
(x16/x8) 


MEMORY 
CARD 
DENSITY 
001 = One Megaby1e 
002 = Two Megabyte 


PC MEMORY 
CARD 


- 
~ 
Advanced 
Micro 
Devices 
AmC004AFLKA 
4 Megabyte 12.0 Volt Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 
• High performance 
• Automated 
write 
and erase operations 
- 
250 ns maximum 
access time 
(increases 
system 
write 
performance) 
• CMOS low power 
consumption 
- 
256K byte memory segment 


- 
25 mA typical active current (X8) 
- 
Typically 
<1.5 seconds 
per single memory 


- 
400 ~ 
typical standby current 
segment erase 


• PCMCIA/JEIDA 
6a-pin 
standard 
- 
Random 
address writes to previously 


- 
Selectable 
byte or word-wide 


erased bytes (14 its typical per byte) 


configuration 
• Total 
system 
Integration 
solution 
• Write 
protect 
switch 


- 
Support from independent 
software 
and 


- 
Prevents 
accidental 
data loss 


hardware 
vendors 


High re-programmable 
endurance 
• Insertion 
and removal 
force 
• 
- 
State of art connector 
allows for minimum 
card 
- 
Minimum 
100,000 erase/write 
cycles 
insertion and removal effort 
• Zero data retention 
power 
• Write 
and erase voltage, 
12.0 V ± 5% 
- 
Batteries 
not required for data storage 
• Read voltage, 
5 V ± 5% 
• Separate 
Attribute 
Memory 
- 
512 byte EEPROM 
• Manufactured 
by Berg Electronics 


GENERAL DESCRIPTION 


AMO's 
Flash 
Memory 
PC Card provides 
the highest 


system level performance 
for data and file storage solu- 


tions to the portable 
PC market segment. 
Oata files and 


application 
programs 
can 
be 
stored 
on 
the 


AmC004AFLKA. 
This 
allows 
OEM 
manufacturers 
of 


portable system to eliminate the weight, extreme power 
consumption 
and 
reliability 
issues 
associated 
with 


electro-mechanical 
disk-based 
systems. 
The 


AmC004AFLKA 
also allows 
today's 
bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline 
batteries 
are required 
for total 


system operation. 
AMO's Flash Memory PC Cards pro- 


vide the most efficient 
method 
to transfer 
useful work 
between 
different 
hardware 
platforms. 
The 
enabling 


technology 
of the AmC004AFLKA 
enhances 
the pro- 
ductivity 
of mobile workers. 


Widespread 
acceptance 
of the AmC004AFLKA 
is as- 


sured due to its compatibility 
with the 68-pin PCMCIAI 


JEIOA 
international 
standard. 
AMO's 
Flash 
Memory 


Cards can be read in either a byte-wide 
or word-wide 


mode which 
allows for flexible 
integration 
into various 


system platforms, 
Compatibility 
is assured 
at the hard- 


ware interface 
and software 
interchange 
specification. 


The Card 
Information 
Structure 
(CIS) or Metaformat, 


can be written by the OEM at the Memory Card's attrib- 
ute 
memory 
address 
space 
beginning 
at 
address 


OOOOOH by using a format utility, The CIS appears at the 
beginning 
of the Card's attribute memory space and de- 


fines the low-level organization 
of data on the PC Card. 


The 
ArnC004AFLKA 
contains 
a separate 
512 
byte 


EEPROM 
memory 
for 
the 
card's 
attribute 
memory 


space. This allows all of the Flash Memory to be used for 
the common 
memory space. 


Third party software solutions such as Microsoft's 
Flash 


File System 
(FFS), 
enable 
AMO's 
Flash 
Memory 
PC 


Card to replicate 
the function 
of traditional 
disk-based 


memory systems, 
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OE 
OE 


Vss 
Vcc V~, 
Vss 
Vcc Voo2 


BVD, 
I I I 
I I I 


~ 


• 
• 
• 
• 
• 
• 
10K 


Ao-~" ID~D' ~ 
I I I 


Vcc 
Ao--A17 Os-D,s 


Battery 
Voltage 
-CE 
I 
- 
CE 
Detect 
~WE 
514 
WE 515 


OE 
OE 
Vss 
Vcc Vnn, 
Vss 
Vcc Vpp2 


GND 
I I 
I I 


Pin# 
Signal 
I/O 
Function 
Pin# 
Signal 
I/O 
Function 


1 
GND 
Ground 
35 
GND 
Ground 


2 
03 
I/O 
Data Bit 3 
36 
Col 
0 
Card 
Detect 
(Note 
1) 


3 
04 
I/O 
Data Bit 4 
37 
011 
I/O 
Data Bit 11 


4 
05 
I/O 
Data Bit 5 
38 
012 
I/O 
Data Bit 12 


5 
Os 
I/O 
Data Bit 6 
39 
013 
I/O 
Data Bit 13 


6 
07 
I/O 
Data Bit 7 
40 
014 
I/O 
Data Bit 14 


7 
CEl 
I 
Card Enable 
(Note 
1) 
41 
015 
1/0 
Data 
Bit 15 


8 
Al0 
I 
Address 
Bit 10 
42 
- 
I 
Card Enable 
2 (Note 
1) 
CE2 


9 
OE 
I 
Output 
Enable 
43 
NC 
No Connect 


10 
All 
I 
Address 
Bit 11 
44 
NC 
No Connect 


11 
Ag 
I 
Address 
Bit 9 
45 
NC 
No Connect 


12 
Aa 
I 
Address 
Bit 8 
46 
Al7 
I 
Address 
Bit 17 


13 
A13 
I 
Address 
Bit 13 
.47 
Ala 
I 
Address 
Bit 18 


14 
A14 
I 
Address 
Bit 14 
48 
Al9 
I 
Address 
Bit 19 


15 
WE 
I 
Write 
Enable 
49 
A20 
I 
Address 
Bit 20 


16 
NC 
No Connect 
50 
A2l 
I 
Address 
Bit 21 


17 
Vcc 
Power 
Supply 
51 
Vcc 
Power 
Supply 


18 
Vpp1 
Pgm Sply Vltg 1 
52 
Vpp2 
Pgm Sply Vltg 2 


19 
A1S 
I 
Address 
Bit 16 
53 
NC 
No Connect 


20 
A1S 
I 
Address 
Bit 15 
54 
NC 
No Connect 


21 
A12 
I 
Address 
Bit 12 
55 
NC 
No Connect 


22 
A7 
I 
Address 
Bit 7 
56 
NC 
No Connect 


23 
As 
I 
Address 
Bit 6 
57 
NC 
No Connect 


24 
As 
I 
Address 
Bit 5 
58 
NC 
No Connect 


25 
A4 
I 
Address 
Bit 4 
59 
NC 
No Connect 


26 
A3 
I 
Address 
Bit 3 
60 
NC 
No Connect 


27 
A2 
I 
Address 
Bit 2 
61 
REG 
I 
Register 
Select 


28 
Al 
I 
Address 
Bit 1 
62 
BVo2 
0 
Battery 
Vltg Detect 
2 (Note 2) 


29 
Ao 
I 
Address 
Bit 0 
63 
BVol 
0 
Battery 
Vltg Detect 
1 (Note 2) 


30 
Do 
1/0 
Data Bit 0 
64 
Da 
I/O 
Data Bit 8 


31 
01 
I/O 
Data Bit 1 
65 
09 
I/O 
Data Bit 9 


32 
02 
I/O 
Data Bit 2 
66 
010 
I/O 
Data Bit 10 


33 
WP 
0 
Write 
Protect 
(Note 
1) 
67 
CO2 
0 
Card Detect 


34 
GND 
Ground 
68 
GND 
Ground 


Notes: 


I = Input to card, 0 = Output 
from card 


I/O = Bi-directional 
NC = No connect 
In systems 
which switch 
Vcc individually 
to cards, no signal should be directly 
connected 
between 
cards other than ground. 


1. Signal 
must not be connected 
between 
cards 
2. avo = Internally 
pulled-up 


ORDERING INFORMATION 


Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
numb~r 
(Valid 
Combination) 
is 
formed 
by a combination 
of: 


OUTPUT 
CONFIGURATION: 
(x16/x8) 


MEMORY 
CARD 
DENSITY 
001 = One 
Megabyte 
004 = Four Megabyte 


PC MEMORY 
CARD 


~ 
Advanced 
Micro 
Devices 
~mC001 BFLKA 
1 Megabyte 5.0 Volt-only Flash Memory PC Card 


DISTINCTIVE CHARACTERISTICS 


• 
High performance 


- 
200 ns maximum 
access time 


• 
Single 
supply 
operation 


- 
Write and erase voltage, 5.0 V ± 5% 


- 
Read voltage, 5.0 V ± 5% 


• 
CMOS low power 
consumption 


- 
31 mA maximum 
active read current (x8 mode) 


- 
1 mA maximum 
standby current 


• 
High write 
endurance 


- 
Minimum 
100,000 erase/write 
cycles 


• 
PCMCIA/JEIDA 
68-pin 
standard 


- 
Selectable 
byte or word-wide 
configuration 


• 
Write 
protect 
switch 


- 
Prevents 
accidental 
data loss 


• 
Zero data retention 
power 


- 
Batteries 
not required for data storage 


• 
Separate 
attribute 
memory 


- 
512 byte EEPROM 


• 
Automated 
write 
and erase operations 


Increase 
system 
write 
performance 


- 
64 x 15K byte memory sectors for 
faster 


automated 
erase speed 


- 
Typically 
1.3 seconds 
per single memory 
sector erase 


- 
Random address writes to previously 
erased 


bytes (14 Ils typical per byte) 


• 
Total 
system 
integration 
solution 


- 
Support from independent 
software 
and 


hardware 
vendors 


• 
Low insertion 
and removal 
force 


- 
State-of-the-art 
connector 
allows for minimum 
card insertion 
and removal effort 


• 
Manufactured 
by Berg Electronics 


GENERAL DESCRIPTION 


AMD's 5.0 V-only Flash Memory 
PC Card provides the 
highest 
system 
level 
performance 
for data 
and 
file 
storage 
solutions 
to the portable 
PC market segment. 


Manufactured 
with 
AM D's 
Negative 
Gate 
Erase, 
5.0 V-only 
technology, 
the 
AMD 
5.0 
V-only 
Flash 


Memory 
Cards are the most cost-effective 
and reliable 
approach 
to single-supply 
Flash memory 
cards. 
Data 


files 
and 
application 
programs 
can 
be 
stored 
on 


the AmC001 BFLKA. 
This allows 
OEM manufacturers 
of 
portable 
systems 
to 
eliminate 
the 
weight, 
high- 
power 
consumption 
and 
reliability 
issues 
associated 


with 
electro-mechanical 
disk-based 
systems. 
The 
AmC001 BFLKA 
also allows 
today's 
bulky and heavy 
battery packs to be reduced in weight and size. Typically 
only two "AA" alkaline 
batteries 
are required 
for total 


system operation. 
AMD's Flash Memory PC Cards pro- 
vide the most efficient 
method 
to transfer 
useful work 
between 
different 
hardware 
platforms. 
The 
enabling 


technology 
of the AmC001 BFLKA 
enhances 
the pro- 
ductivity 
of mobile workers. 


Widespread 
acceptance 
of the AmC001 BFLKA 
is as- 
sured due to its compatibility 
with the 58-pin 
PCMCIAI 


JEIDA 
international 
standard. 
AMD's 
Flash 
Memory 
Cards can be read in either a byte-wide 
or word-wide 


mode which allows for flexible 
integration 
into various 
system platforms. 
Compatibility 
is assured 
at the hard- 


ware interface 
and software 
interchange 
specification. 


The Card 
Information 
Structure 
(CIS) or Metaformat, 


can be written by the OEM at the memory card's attrib- 
ute 
memory 
address 
space 
beginning 
at 
address 


OOOOOH by using a format utility. The CIS appears at the 
beginning 
of the Card's attribute memory space and de- 
fines the low-level organization 
of data on the PC Card. 


The 
AmC001 BFLKA 
contains 
a separate 
512 
byte 


EEPROM 
memory 
for 
the 
card's 
attribute 
memory 
space. This allows all of the Flash memory to be used for 
the common 
memory space. 


Third party software solutions such as Microsoft's 
Flash 


File System 
(FFS), 
enable 
AMD's 
Flash Memory 
PC 
Card to replicate 
the function 
of traditional 
disk-based 


memory systems. 


Publication# 
C172n 
Rev. B 
AmendmentlO 


Issue Date: 
March 
1994 


~R: 
R 
00-015 
08-015 


WE 
I/O 
00-07 


OE 
Transceivers 
WE 


and 
WP 
Buffers 
OE 


WP 


V~.~ 
C>-'-O 
I 
, 
I 
, 
I 
• - - - - .'-. 
Write Protect 
-= 
Switch 


AO 
AO-A16 


A1-A19 
Address 
CEHO- 


Buffers 
CEH3 
CE2 
and 
Vcc 
Oecoders 
CELO- 
CE, 
CEL3 
. 
R 
R 
~ 
A1-A9 
I 


AO 
-;- 
AO-A8 
00-07 


-0 
Attribute 
Memory 
Am29F010 
Am29F010 
0 
CE2 
~ 
>-- 
AO-A1600-07 
l-- 
Ao-A16 
08-015 
0 
CE 
CE1 :I'""L---.J 
- 
CE 
- 
CE 


WE 
50 
WE 
51 


REG 
OE 
OE 


CD1 
Vss 
Vcc 
Vss 
Vcc 


~ 
I 
I 
I 
I 


>-- 
AO-A1600-07 
l-- 
Ao-A16 
08-015 
- 
- 
CE 
- 
CE 


Card Oetect 
WE 
52 
WE 
53 


OE 
OE 


Vss 
Vcc 
Vss 
Vcc 


BVD1 
I 
I 
I 
I 
-- 
~ 


~ 
10K 


Vcc 


Battery 
Voltage 
Oetect 


GNO 


Vcc 


AO-A 16 00-07 


CE 
WE 
56 


OE 


Vss 


Pln# 
Signal 
1/0 
Function 
Pin# 
Signal 
1/0 
Function 


1 
GND 
Ground 
35 
GND 
Ground 


2 
D3 
1/0 
Data Bit3 
36 
CD1 
0 
Card Detect 
(Note 3) 


3 
D4 
1/0 
Data Bit 4 
37 
D11 
1/0 
Data Bit11 


4 
D5 
1/0 
Data Bit 5 
38 
D12 
1/0 
Data Bit 12 


5 
D6 
1/0 
Data Bit 6 
39 
D13 
1/0 
Data Bit 13 


6 
D7 
1/0 
Data Bit 7 
40 
D14 
1/0 
Data Bit 14 


7 
CE1 
I 
Card Enable 
(Note 3) 
41 
D15 
1/0 
Data Bit 15 


8 
A10 
I 
Address 
Bit 10 
42 
CE2 
I 
Card Enable 
2 (Note 3) 


9 
OE 
I 
Output 
Enable 
43 
NC 
No Connect 


10 
A11 
I 
Address 
Bit 11 
44 
RFU 
Reserved 


11 
A9 
I 
Address 
Bit 9 
45 
RFU 
Reserved 


12 
A8 
I 
Address 
Bit 8 
46 
A17 
I 
Address 
Bit 17 


13 
A13 
I 
Address 
Bit 13 
47 
A18 
I 
Address 
Bit 18 


14 
A14 
I 
Address 
Bit 14 
48 
A19 
I 
Address 
Bit 19 


15 
WE 
I 
Write 
Enable 
49 
A20 
Address 
Bit 20 


16 
NC 
No Connect 
50 
NC 
No Connect 


17 
VCCl 
Power 
Supply 
51 
VCC2 
Power 
Supply 


18 
NC 
No Connect 
(Note 
1) 
52 
NC 
No Connect 
(Note 
1) 


19 
A16 
I 
Address 
Bit 16 
53 
NC 
No Connect 


20 
A15 
I 
Address 
Bit 15 
54 
NC 
No Connect 


21 
A12 
I 
Address 
Bit 12 
55 
NC 
No Connect 


22 
A7 
I 
Address 
Bit 7 
56 
NC 
No Connect 


23 
A6 
I 
Address 
Bit 6 
57 
NC 
No Connect 


24 
A5 
I 
Address 
Bit 5 
58 
NC 
No Connect 


25 
A4 
I 
Address 
Bit 4 
59 
NC 
No Connect 


26 
A3 
I 
Address 
Bit 3 
60 
NC 
No Connect 


27 
A2 
I 
Address 
Bit 2 
61 
REG 
I 
Register 
Select 


28 
A1 
I 
Address 
Bit 1 
62 
BVD2 
0 
Battery 
Vkg Detect 
2 (Note 2) 


29 
AD 
I 
Address 
Bit 0 
63 
BVD1 
0 
Battery 
Vkg Detect 
1 (Note 2) 


30 
DO 
1/0 
Data Bit 0 
64 
D8 
1/0 
Data 
Bit 8 


31 
D1 
1/0 
Data Bit 1 
65 
D9 
1/0 
Data Bit 9 


32 
D2 
1/0 
Data Bit2 
66 
D10 
1/0 
Data Bit10 


33 
WP 
0 
Write 
Protect 
(Note 3) 
67 
CD2 
0 
Card 
Detect 
(Note 3) 


34 
GND 
Ground 
68 
GND 
Ground 


Notes: 


I = Input to card, 0 = Output 
from card 


va = Si-directional 


Ne = No connect 


In systems 
which switch 
Vcc individually 
to cards. no signal should be directly 
connected 
between 
cards other than ground. 


1. 
Vpp not required 
for Programming 
or Reading 
operations. 


2. 
BVD = Internally 
pUlled-up 


3. 
Signal 
must not be connected 
between 
cards. 


~ 
AMD 


ORDERING INFORMATION 
Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 
formed 
by a combination 
of:. 


CSxxxxx 


~ 
CUSTOMER SPECIFIC 
IDENTIFICATION NUMBER 


OUTPUT CONFIGURATION: 
(x16/x8) 


5.0 V-ONLY OPERATION WITH 
100,000 ERASE/PROGRAM 
CYCLES MINIMUM 


MEMORY CARD DENSITY 
001 = One 
Megabyte 


- 
AmC002BFLKA 
2 Megabyte 5.0 Volt-only Flash Memory PC Card 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 
• High performance 
• Separate 
attribute 
memory 


- 
200 ns maximum 
access time 
- 
512 byte EEPROM 
• Single 
supply 
operation 
• Automated 
write 
and erase operations 


- 
Write and erase voltage, 5.0 V ± 5% 
Increase 
system 
write 
performance 


- 
Read voltage, 
5.0 V ± 5% 
- 
128 x 15K byte memory 
sectors for faster 
• CMOS low power 
consumption 
automated 
erase speed 


- 
31 mA maximum 
active read current (x8 mode) 
- 
Typically 
1.3 seconds 
per single memory 
sector erase 
- 
1.75 mA maximum 
standby current 
- 
Random address writes to previously 
erased 
• High write 
endurance 
bytes (141ls typical per byte) 


- 
Minimum 
100,000 erase/write 
cycles 
• Total 
system 
Integration 
solution 
• PCMCIA/JEIDA 
58-pin 
standard 
- 
Support from independent 
software 
and 


- 
Selectable 
byte or word-wide 
configuration 
hardware 
vendors 
• Write 
protect 
switch 
• Low Insertion 
and removal 
force 


- 
Prevents 
accidental 
data loss 
- 
State-of-the-art 
connector 
allows for minimum 
card insertion 
and removal effort 
• Zero data retention 
power 
• Manufactured 
by Berg Electronics 
- 
Batteries 
not required for data storage 


GENERAL DESCRIPTION 


AMD's 5.0 V-only Flash Memory 
PC Card provides the 
highest 
system 
level 
performance 
for 
data 
and 
file 
storage 
solutions 
to the portable 
PC market segment. 


Manufactured 
with 
AMD's 
Negative 
Gate 
Erase, 


5.0 V-only 
technology, 
the 
AMD 
5.0 
V-only 
Flash 
Memory 
Cards are the most cost-effective 
and reliable 
approach 
to single-supply 
Flash memory 
cards. 
Data 


files 
and 
application 
programs 
can 
be 
stored 
on 
the AmC002BFLKA. 
This allows 
OEM manufacturers 
of 
portable 
systems 
to 
eliminate 
the 
weight, 
high- 
power 
consumption 
and 
reliability 
issues 
associated 
wit~ 
electro-mechanical 
disk-based 
systems. 
The 
AmC002BFLKA 
also allows 
today's 
bulky and heavy 
battrry 
packs to be reduced in weight and size. Typically 
only two "AA" alkaline 
batteries 
are required 
for total 
system operation. 
AMD's Flash Memory PC Cards pro- 
vide the most efficient 
method 
to transfer 
useful work 
between 
different 
hardware 
platforms. 
The 
enabling 
technology 
of the AmC002BFLKA 
enhances 
the pro- 


ductivity 
of mobile workers. 


Widespread 
acceptance 
of the AmC002BFLKA 
is as- 
sured due to its compatibility 
with the 58-pin 
PCMCIAI 
JEIDA 
international 
standard. 
AMD's 
Flash 
Memory 
Cards can be read in either a byte-wide 
or word-wide 
mode which 
allows for flexible 
integration 
into various 
system platforms. 
Compatibility 
is assured 
at the hard- 


ware interface 
and software 
interchange 
specification. 


The Card 
Information 
Structure 
(CIS) or Metaformat, 


can be written by the OEM at the memory card's attrib- 
ute 
memory 
address 
space 
beginning 
at 
address 
OOOOOH by using a format utility. The CIS appears at the 
beginning 
of the Card's attribute memory space and de- 
fines the low-level organization 
of data on the PC Card. 


The 
AmC002BFLKA 
contains 
a separate 
512 
byte 
EEPROM 
memory 
for 
the 
card's 
attribute 
memory 
space. This allows all of the Flash memory to be used for 
the common 
memory space. 


Third party software solutions such as Microsoft's 
Flash 
File System 
(FFS), 
enable 
AMD's 
Flash Memory 
PC 
Card to replicate 
the function 
of traditional 
disk-based 
memory systems. 
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BLOCK DIAGRAM 
vcc 
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0G-015 
08-015 
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0G-07 


DE 
Transceivers 
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and 
WP 
Buffers 
DE 
WP 
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I 
I 
, 
• - - - - ',-Write 
Protect 
-= 
Switch 


AO 
AG-A16 


A1-A20 
Address 
CEHO- 


Buffers 
CEH7 


CE2 
and 


Vcc 
Decoders 
CElO- 


CE1 
CEl7 
: 


I R: 
R' 1m 


~ 
_ 
A1-A9 
-=- 
AO-A8 
00-07 
AO 
Q) 


Am29F010 
Am29F010 
- 
"8 
Attribute 
Memory 


CE2 
Q) 
~ 
AG-A 16 0G-07 
..- AG-A16 
08-015 
Cl 
CE 


CE1 
f-- 
CE 
f-- 
CE 


WE 
SO 
WE 
S1 


REG 
DE 
DE 


CD1 
Vss 
Vcc 
Vss 
Vcc 


~ 
I 
I 
I 
I 
..- AG-A160G-07 
~ 
AG-A16 
08-015 


10- 
CE 
f-- 
CE 


Card Detect 
WE 
S2 
WE 
S3 


DE 
OE 


Vss 
Vcc 
Vss 
Vcc 


BVD1 
I 
I 
I 
I 
-- 
~ ! 
10K 


Vcc 


Battery 
Voltage 
Detect 


GNO 


Vcc 


AO-A160G-07 


CE 


WE 
S14 
DE 


Vss 


Pln# 
Signal 
I/O 
Function 
Pin# 
Signal 
I/O 
Function 


1 
GND 
Ground 
35 
GND 
Ground 


2 
D3 
I/O 
Data Bit 3 
36 
CD1 
0 
Card Detect 
(Note 3) 


3 
D4 
I/O 
Data Bit 4 
37 
D11 
I/O 
Data Bit 11 


4 
D5 
I/O 
Data Bit 5 
38 
D12 
I/O 
Data Bit 12 


5 
D6 
I/O 
Data Bit 6 
39 
D13 
I/O 
Data Bit 13 


6 
D7 
I/O 
Data Bit 7 
40 
D14 
I/O 
Data Bit 14 


7 
CE1 
I 
Card Enable 
(Note 3) 
41 
D15 
I/O 
Data Bit 15 


8 
A10 
I 
Address 
Bit 10 
42 
CE2 
I 
Card Enable 
2 (Note 3) 


9 
OE 
I 
Output 
Enable 
43 
NC 
No Connect 


10 
A11 
I 
Address 
Bit 11 
44 
NC 
No Connect 


11 
A9 
I 
Address 
Bit 9 
45 
NC 
No Connect 


12 
A8 
I 
Address 
Bit 8 
46 
A17 
I 
Address 
Bit 17 


13 
A13 
I 
Address 
Bit 13 
47 
A18 
I 
Address 
Bit 18 


14 
A14 
I 
Address 
Bit 14 
48 
A19 
I 
Address 
Bit 19 


15 
WE 
I 
Write 
Enable 
49 
A20 
Address 
Bit 20 


16 
NC 
No Connect 
50 
NC 
No Connect 


17 
VCCI 
Power 
Supply 
51 
VCC2 
Power 
Supply 


18 
NC 
No Connect 
(Note 
1) 
52 
NC 
No Connect 
(Note 
1) 


19 
A16 
I 
Address 
Bit16 
53 
NC 
No Connect 


20 
A15 
I 
Address 
Bit 15 
54 
NC 
No Connect 


21 
A12 
I 
Address 
Bit 12 
55 
NC 
No Connect 


22 
A7 
I 
Address 
Bit 7 
56 
NC 
No Connect 


23 
A6 
I 
Address 
Bit 6 
57 
NC 
No Connect 


24 
A5 
I 
Address 
Bit 5 
58 
NC 
No Connect 


25 
A4 
I 
Address 
Bit 4 
59 
NC 
No Connect 


26 
A3 
I 
Address 
Bit 3 
60 
NC 
No Connect 


27 
A2 
I 
Address 
Bit 2 
61 
REG 
I 
Register 
Select 


28 
A1 
I 
Address 
Bit 1 
62 
BV02 
0 
Battery 
Vng Detect 
2 (Note 2) 


29 
AO 
I 
Address 
Bit 0 
63 
BV01 
0 
Battery 
Vng Detect 
1 (Note 2) 


30 
DO 
I/O 
Data Bit 0 
64 
D8 
I/O 
Data Bit 8 


31 
D1 
I/O 
Data Bit 1 
65 
D9 
I/O 
Data Bit 9 


32 
D2 
I/O 
Data Bit 2 
66 
D10 
I/O 
Data Bit 10 


33 
WP 
0 
Write 
Protect 
(Note 3) 
67 
CO2 
0 
Card Detect 
(Note 3) 


34 
GND 
Ground 
68 
GND 
Ground 


Notes: 


I = Input to card, a = Output 
from card 


I/O = Bi-directional 
Ne = No connect 


In systems 
which 
switch 
Vcc individually 
to cards, 
no signal 
should 
be directly 
connected 
between 
cards 
other 
than 
ground. 


1. 
Vpp not required 
for Programming 
or Reading 
operations. 


2. avo = Internally 
pulled-up 


3. 
Signal 
must not be connected 
between 
cards. 


~ 
AMD 


ORDERING INFORMATION 


Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 
formed 
by a combination 
of: 


CSxxxxx 


~ 


OUTPUT 
CONFIGURATION: 
(x16/x8) 


5.0 V-ONLY 
OPERATION 
WITH 


100,000 
ERASE/PROGRAM 


CYCLES 
MINIMUM 


MEMORY 
CARD 
DENSITY 
001 = One Megabyte 
002 = Two Megabyte 


AmCOXXCFLKA 
1, 2, 4, or 10 Megabyte 5.0 Volt-only Flash Memory PC Card 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 
• High performance 
• Automated 
write 
and erase operations 
- 
150 ns maximum 
access time 
Increase 
system 
write 
performance 
• Single 
supply 
operation 
- 
64K byte memory sectors for faster 


- 
Write and erase voltage, 
5.0 V ± 5% 
automated 
erase speed 


- 
Read voltage, 5.0 V ± 5% 
- 
Typically 
1.5 seconds 
per single memory 
• CMOS low power 
consumption 
sector erase 
- 
Random address writes to previously 
erased 
- 
40 mA maximum 
active read current (x8 mode) 
bytes (16 ~s typical per byte) 
- 
60 mA maximum 
active erase/write 
current 
(x8 mode) 
• Total 
system 
Integration 
solution 
• High write 
endurance 
- 
Support from independent 
software 
and 
hardware 
vendors 
- 
Minimum 
100,000 eraselwrite 
cycles 
• Low insertion 
and removal 
force 
• PCMCIAlJEIDA 
58-pin 
standard 
- 
State-of-the-art 
connector 
allows for minimum 
- 
Selectable 
byte or word-wide 
configuration 
card insertion 
and removal effort 
• Write 
protect 
switch 
• Sector 
erase suspend/resume 
- 
Prevents 
accidental 
data loss 
- 
Suspend the erase operation 
to allow a read 
• Zero data retention 
power 
operation 
in another sector within the same 
- 
Batteries 
not required for data storage 
device 
• Separate 
attribute 
memory 
• Manufactured 
by Berg Electronics 
- 
512 byte EEPROM 


GENERAL DESCRIPTION 


AMO's 5.0 V-only Flash Memory 
PC Card provides the 
highest 
system 
level 
performance 
for data 
and 
file 
storage 
solutions 
to the portable 
PC market segment. 
Ma~ufactured 
with 
AMO's 
Negative 
Gate 
Erase, 
5.0 V-only 
technology, 
the 
AMO 
5.0 
V-only 
Flash 
Memory 
Cards are the most cost-effective 
and reliable 
approach 
to single-supply 
Flash memory 
cards. 
Oata 


files 
and 
application 
programs 
can 
be 
stored 
on 
the "C" series 
card. 
This 
allows 
OEM 
manufacturers 
of 
portable 
systems 
to 
eliminate 
the 
weight, 
high- 
power 
consumption 
and 
reliability 
issues 
associated 
with Ielectro-mechanical 
disk-based 
systems. 
The "C" 
seri~s card also allows today's bulky and heavy battery 
packs to be reduced 
in weight 
and size. Typically 
only 
two "AA" alkaline batteries 
are required for total system 
operation. 
AMO's Flash Memory 
PC Cards provide the 
most efficient 
method to transfer 
useful work between 
different 
hardware 
platforms. 
The enabling 
technology 
of the 
"C" series 
card 
enhances 
the 
productivity 
of 
mobile workers. 


Widespread 
acceptance 
of 
the 
"C" 
series 
card 
is 
assured due to its compatibility 
with the 68-pin PCMCIN 


JEIOA 
international 
standard. 
AMO's 
Flash 
Memory 
Cards can be read in either a byte-wide 
or word-wide 
mode which 
allows for flexible 
integration 
into various 
system platforms. 
Compatibility 
is assured 
at the hard- 
ware interface 
and software 
interchange 
specification. 


The Card 
Information 
Structure 
(CIS) or Metaformat, 


can be written by the OEM at the memory card's attrib- 
ute 
memory 
address 
space 
beginning 
at 
address 
OOOOOH by using a format utility. The CIS appears at the 
beginning 
of the Card's attribute memory space and de- 


fines the low-level organization 
of data on the PC Card. 


The 
"C" series 
card 
contains 
a separate 
512 
byte 
EEPROM 
memory 
for 
the 
card's 
attribute 
memory 
space. This allows all of the Flash memory to be used for 
the common 
memory space. 


Third party software solutions such as Microsoft's 
Flash 
File System 
(FFS), M-System's 
True FFS, and SCM's 
SCM-FFS. 
enable 
AMO's 
Flash Memory 
PC Card to 
replicate the function 
of traditional 
disk-based 
memory 
systems. 


This document 
contains 
information 
on a produd 
under development 
at Advanced 
Micro Devices. 
Inc. The information 


is intended 
10 help you evaluate 
this product 
AMD 
reserves 
the righllo 
change 
or discontinue 
work 
on this proposed 


producl 
wilhoUl 
nolice. 
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BLOCK DIAGRAM 
Vcc 


• R >R 
00-015 
08-015 


WE 
I/O 
00-07 


OE 
Transceivers 
WE 
and 
WP 
Buffers 
OE 


WP 
(Note 
1) 


v~.~ 
<>-'-0 
0 


0 


o 
0 
• - - - - ',-Write 
Protect 
-= 
Switch 


AO 
AO-A18 


A1-A23' 
Address 
CEHO- 


Buffers 
CEH10 
CE2 
and 


Vcc 
Decoders 
CELO- 


CE1 
(Note 
1) 
CEL10 
> 
R 
R..I-A'-A9 
I 
~ 
AO-A8 
00-07 
AO 
Ql 


Am29F040 
Am29F040 
"0 
Attribute 
Memory 
8 
CE2 
Ql 
- 
Ao-A 
1800-07 
-- 


Ao-A18 
08-015 
a 
CE 
CE1 TLJ 
- 
CE 
- 
CE 


WE 50· 
WE 51· 


I 
REG 
OE 
OE 


C01 
Vss 
Vcc 
Vss 
Vcc 


~ 
I 
I 
I 
I 
- Ao-A1800-07 
- Ao-A18 
08-015 
- 
CE 
- 
CE 


Card Oetect 
WE 52· 
WE 53· 


OE 
OE 


Vss 
Vcc 
Vss 
VCC 


BVD1 
I 
I 
I 
I 
-- 


~ 
f 
10K 


Vcc 


Battery 
Voltage 
Oetect 


GNO 


Vcc 


R = 20 K(min)/140K 
Q (max) 


'1 Mbyte 
card = SO + S1 


'2 Mbyte 
card = SO 
S3 


'4 Mbyte 
card = SO 
S7 


'10 Mbyte 
card = SO 
S19 


Note: 


1. 
The function 
of these 
two blocks 
are combined 
in one ASIC. 
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Pln# 
Signal 
I/O 
Function 
Pin# 
Signal 
I/O 
Function 


1 
GND 
Ground 
35 
GND 
Ground 


2 
D3 
I/O 
Data Bit3 
36 
CD1 
0 
Card Detect 
(Note 3) 


3 
D4 
I/O 
Data Bit4 
37 
D11 
I/O 
Data Bit11 


4 
D5 
I/O 
Data Bit 5 
38 
D12 
I/O 
Data Bit12 


5 
D6 
I/O 
Data Bit 6 
39 
D13 
I/O 
Data Bit13 


6 
D7 
I/O 
Data Bit 7 
40 
D14 
I/O 
Data Bit 14 


7 
CE1 
I 
Card Enable 
(Note 3) 
41 
D15 
I/O 
Data Bit 15 


8 
A10 
I 
Address 
Bit 10 
42 
CE2 
I 
Card 
Enable 
2 (Note 3) 


9 
OE 
I 
Output 
Enable 
43 
NC 
No Connect 


10 
A11 
I 
Address 
Bit 11 
44 
NC 
No Connect 


11 
A9 
I 
Address 
Bit 9 
45 
NC 
No Connect 


12 
A8 
I 
Address 
Bit 8 
46 
A17 
I 
Address 
Bit 17 


13 
A13 
I 
Address 
Bit 13 
47 
A18 
I 
Address 
Bit 18 


14 
A14 
I 
Address 
Bit 14 
48 
A19 
I 
Address 
Bit 19 (Note 4) 


15 
WE 
I 
Write 
Enable 
49 
A20 
Address 
Bit 20 (Note 5) 


16 
NC 
No Connect 
50 
A21 
Address 
Bit 21 (Note 6) 


17 
Vcc, 
Power 
Supply 
51 
VCC2 
Power 
Supply 


18 
NC 
No Connect 
(Note 
1) 
52 
NC 
No Connect 
(Note 
1) 


19 
A16 
I 
Address 
Bit 16 
53 
A22 
Address 
Bit 22 


20 
A15 
I 
Address 
Bit 15 
54 
A23 
Address 
Bit 23 (Note 7) 


21 
A12 
I 
Address 
Bit 12 
55 
NC 
No Connect 


22 
A7 
I 
Address 
Bit 7 
56 
NC 
No Connect 


23 
A6 
I 
Address 
Bit 6 
57 
NC 
No Connect 


24 
A5 
I 
Address 
Bit 5 
58 
NC 
No Connect 


25 
A4 
I 
Address 
Bit 4 
59 
NC 
No Connect 


26 
A3 
I 
Address 
Bit 3 
60 
NC 
No Connect 


27 
A2 
I 
Address 
Bit 2 
61 
REG 
I 
Register 
Select 


28 
A1 
I 
Address 
Bit 1 
62 
BVD2 
0 
Battery 
Vltg Detect 
2 (Note 2) 


29 
AO 
I 
Address 
Bit 0 
63 
BVD1 
0 
Battery 
Vltg Detect 
1 (Note 2) 


30 
DO 
I/O 
Data Bit 0 
64 
D8 
I/O 
Data Bit 8 


31 
D1 
I/O 
Data Bit 1 
65 
D9 
I/O 
Data Bit 9 


32 
D2 
I/O 
Data Bit 2 
66 
D10 
I/O 
Data B~ 10 


33 
WP 
0 
Write 
Protect 
(Note 3) 
67 
CD2 
0 
Card Detect 
(Note 3) 


34 
GND 
Ground 
68 
GND 
Ground 


Notes: 


I = Input to card. 0 = Output 
from card 


VO = Bi-directional 


Ne = No connect 


In systems 
which 
switch 
Vcc individually 
to cards, 
no signal 
should 
be directly 
connected 
between 
cards 
other 
than 
ground. 


1. 
Vpp not required 
for Programming 
or Reading 
operations. 


2. 
BVO = Internally 
pulled-up 


3. 
Signal 
must not be connected 
between 
cards. 


4. 
Highest 
address 
bit for 1 Mbyte 
card. 


5. 
Highest 
address 
bit for 2 Mbyte 
card. 


6. 
Highest 
address 
bit for 4 Mbyte 
card. 


7. 
Highest 
address 
bit for 10 Mbyte 
card. 
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O~DERING INFORMATION 
Standard Products 


AMD 
standard 
products 
are available 
in several 
packages 
and operating 
ranges. 
The order 
number 
(Valid 
Combination) 
is 


formed 
by a combination 
of: 


CSxxxxx 


~ 


OUTPUT 
CONFIGURATION: 
(x16/x8) 


5.0 V-ONL Y OPERATION 
WITH 
100,000 
ERASE/PROGRAM 
CYCLES 
MINIMUM 


MEMORY 
CARD 
DENSITY 
001 = One Megaby1e 
002 = Two Megabyte 
004 = Four Megaby1e 
010 = Ten Megabyte 


-- 
6 
PHYSICAL DIMENSIONS* 


CD 032 
32-Pin Ceramic 
DIP 


CLR 032 
32-Pin Rectangular 
Ceramic 
Leadless 
Chip Carrier 
...•........................... 
PD 032 
32-Pin 
Plastic DIP 
. 


PL 032 
32-Pin 
Plastic Leaded Chip Carrier 
. 


SO 044 
44-Pin Small Outline 
Package 
.... 


TS 032 
32-Pin Standard 
Thin Small Outline 
Package 
. 


TSR 032 
32-Pin 
Reversed 
Thin Small Outline 
Package 
TS 048 
48-Pin Standard 
Thin Small Outline Package 


TSR 048 
48-Pin Reversed 
Thin Small Outline 
Package 
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CD 032 
32·Pin Ceramic DIP (measured in inches) 


.100 
sse 


TOP VIEW 


'16~~1 
.220 
.015 
I", 
~ 
.060 


.200 
--II--- 


.014 
.026 


AMD l1 


.600 


~ 


se 
.008 


.018 


940 


1050 


1_ 
.700 
_ I 
r- MAX 
--, 
11092D 
C010 
CD 032 
6/22/93 ae 
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CLR 032 
32·Pin Rectangular Ceramic Leadless Chip Carrier (measured in inches) 


.022L 
.028t 


.045L 
.0551 


.040 X45° REF (3x) 
(Optional) 
~ 


.4421 
"'~I 


t 


Index Corner 
.020 X45° REF 
(Optional) 


.0641 
.100 
T 
1 


.054---1 
~ 
.088 
JI 


;' 
~'gLRo32 


PLANE 
2 /' 
6/22/93 
ae 


PLANE 
1 


PD 032 
32-Pin Plastic DIP (measured in inches) 


I.• 
1.640 
"I 
1.680 
E~~~~~~~~~~~~~~~ 
1+ 
-11- 
-11- 


.045 
.005 


.065 
MIN 


TOP VIEW 
i;;k~-d~~:~~G 
I 
~~U U t~J~~~ 
U U U U Ut 
.060 
O°-f 
~ 
t 


.090 
.014 
7° 1--- 
630-.J 
121468 
.110 
.022 
.700 
CU75 PO032 
9116193 !i0 


PL 032 
32·Pin Plastic Leaded Chip Carrier (measured in inches) 


.042 
.048 


m 
1.026 
l032 


:~~~I 


485~ 
495 


TOP VIEW 


06971C 
CJ79 PL 032 
6/22/93 ae 


~ 
AMD 


SO 044 
44·Pin 
Small 
Outline 
Package 
(measured 
in millimeters) 


~H----.i2.17 


2.45 
-H- 
t 
0.35 
.QJ..Q 
0.50 
0.35 


TS 032 
32·Pin Standard Thin Small Outline Package (measured in millimeters) 


~ 
~BSC 
I 


7.90 
8.iO 


0.95 


1'20~1'05 
~ 


MAX 
"'------------~::f L=t ~:~~ 


0.05 
. 
T 
o.:;s 
END VIEW 
0.50 
~~2~~DTS032 


0.70 
1/4/94 ae 


18.30 
_ 
18.50 
19.80 
20.20 
TOP VIEW 


TSR 032 
32·Pin Reversed Thin Small Outline Package (measured in millimeters) 


o~ 


~BSC 
I 


7.90 
8.iO 


0.95 


1'20~1.05 
~ 


MAX 
----------~:=~ 
L=t ~:~~ 


0.05 
. 
T 
o.:;s 
END VIEW 
0.50 
187918 


O.70 
;~~~3~eCX 98 


------~~~~------ 


19.80 
20.20 
TOP VIEW 


l1 AMD 


TS 048 
48·Pin Standard Thin Small Outline Package (measured in millimeters) 
FI 


B 


0.50 
sse 


18.30 
------ 
18.50------ 


19.80 
-------20.20 


0.95 


1.20~1.05 
~ 


MAX 
----------~~1 
L~g:~~ 
0.05 
_ T 


D.i5 
0.50 
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END VIEW 
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TSR 048 
48·Pin Reversed Thin Small Outline Package (measured in millimeters) 


18.30 
~----- 
18.50 ------ 


_______ 
19.80 
20.20 


0.95 


1.20~1.05 
~ 


MAX 
----------~~1- 
L=t ~:~~ 
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_ T 
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END VIEW 
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